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Abstract

The Hubble tension admits fundamentally different interpretations: a physical expansion rate inflated by local kinematics (e.g.,
a Gpc-scale underdensity), or an operational redshift-distance calibration artifact. This paper tests the kinematic void
hypothesis against the Temporal Equivalence Principle (TEP), which models cosmological redshift as accumulated temporal
shear on a static spatial manifold. Using the matched  submatrix of the native Pantheon+ STAT+SYS covariance, the
published KBC/MOND gradual-decay profiles are strongly rejected ( ). A calibration-independent ratio

 excludes the predicted declines —  (Gaussian profile) and  (Exponential) — at  and
 respectively, falsifying the published KBC/MOND gradual-decay void solution on its own native coordinates. While this

competitor exclusion carries no direct evidential weight for TEP by itself, the residual directional and environmental data are
consistent with the independent clock-transport predictions of TEP. An exploratory fit to pre-standardization Pantheon+
residuals has an interior optimum at  Mpc along the pre-specified CF4 axis, surviving a 300-draw permutation
look-elsewhere calibration with zero null exceedances (  versus a null maximum of , setting a Monte
Carlo resolution-limited bound , or ), though CF4 cannot independently distinguish the kernel
from its  asymptote. However, the identified coherence scale places the characteristic structure in the tens-of-Mpc local-
environment regime rather than the Gpc scale required by the KBC void. Because the standard rest-frame time mapping used
by SALT3 implicitly assumes that the spectroscopic redshift fully accounts for the transformation between observed and
emitted light-curve timescales, aggregate SALT3 standardization attenuates the pre-standardization directional signal by

, consistent with partial absorption of a temporal contribution. The underlying temporal shear instead manifests
locally: host-galaxy systemic redshifts are weighted toward deeper central potentials than disk standard candles, artificially
contracting rest-frame timescales. Consequently, Cepheid distances are systematically shorter than TRGB distances within the
same galaxies (  directional preference), and single-galaxy Period-Luminosity gradients within the LMC ( , robust
to confounder controls) and M31 (  baseline in the HST PHAT catalogue,  period–colour matched, and 
under flux-independent neighbour-density crowding control; Paper 11) are directionally consistent with the predicted clock-
rate differential; potential-scaling tests across independent samples are presently leverage-limited rather than excluded. The
results are consistent with a clock-transport contribution across the distance-ladder measurement chain driven by localized
temporal topology, and motivate the independent environmental and spectroscopic tests specified below.
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1. Introduction: The Hubble Tension and the Crisis of ΛCDM

The Λ cold dark matter (ΛCDM) standard model of cosmology confronts one of the most serious empirical and theoretical challenges
in its history. Foremost among the anomalies is the Hubble tension: a statistically significant discrepancy between the locally inferred
expansion rate, , measured via the late-universe distance ladder, and the global expansion parameter inferred from the cosmic
microwave background (CMB). While the Planck CMB analysis (Planck Collaboration 2020) gives

, direct local measurements anchored by Cepheid variables and Type Ia supernovae (SNe Ia)
consistently yield . This divergence is now reported above , and above  in some joint
analyses with secondary anomalies, implying that the local Universe appears to be accumulating temporal shear — interpreted in
standard cosmology as metric expansion — roughly 8% faster than the background CDM prediction.

The persistence of this tension, despite the advent of high-resolution data from the James Webb Space Telescope (JWST), strongly
suggests that the discrepancy is not explained by the known photometric or crowding systematics tested to date, but rather reflects a
physical anomaly in the measurement chain or underlying cosmology. A convincing resolution must therefore move beyond isolated
critique and propose a cohesive, multi-scale framework. Proposed solutions fall into two classes: early-time solutions (modifying pre-
recombination physics to alter the CMB sound horizon) and late-time solutions (introducing local inhomogeneities or modified
gravity in the low-redshift universe).

1.1 Expansion-History Solutions and the TEP Alternative

Early- and late-time solutions both retain physical metric expansion and attempt to alter some portion of its inferred history. TEP
changes the premise itself. It interprets the cosmological redshift–distance relation as the observational signature of an evolving
proper-time field on a static spatial manifold. Accordingly,  is retained in this paper as an operational observable, not as a
fundamental expansion rate.

1.2 Three Competing Interpretations

Three major frameworks offer fundamentally different interpretations of the tension:

The kinematic void framework, recently advanced by Mazurenko, Banik, Kroupa, and Haslbauer (2024), proposes that the Milky
Way resides within a massive Gpc-scale local underdensity—the Keenan-Barger-Cowie (KBC) supervoid—and that gravitationally
induced outflows from this void, operating under Milgromian dynamics (MOND), inflate the locally inferred recession velocities.
This model simultaneously addresses the Hubble tension and the anomalous bulk flows observed in the CosmicFlows-4 catalog.

The standard ΛCDM framework attributes the residual discrepancy between Cepheid-based and alternative distance indicators to
photometric systematics, subsample selection biases, and statistical weighting effects, arguing that the tension is partially or fully
illusory when these are properly accounted for.

The Temporal Equivalence Principle (TEP) framework, developed in the companion series of papers (Smawfield 2025–2026),
identifies a fundamental measurement bias in how classical Cepheid variable stars transport distance calibrations across varying
gravitational environments. Under TEP, proper time is a dynamical scalar field that couples to the local gravitational potential,
relaxing the Isochrony Axiom. Crucially, TEP replaces metric expansion with conformal temporal shear (  on a
static spatial manifold; Smawfield 2025, 2026c). In this paper, standard FLRW expansion parameters ( , ) are retained strictly as
the conventional operational coordinates necessary to test competing models on their own terms. This produces an environment-
dependent clock bias in Cepheid periods that is absent from distance indicators whose primary observable contains no analogous rest-
frame timescale transport, including TRGB and JAGB.

1.3 The Central Diagnostic: Indicator-Specific Distance Divergence

A fundamental requirement of any purely kinematic resolution is the uniform scaling of all local photometric distance indicators. If
galaxies are assumed to be physically receding faster than the background Hubble flow—whether due to a local void or any other
kinematic mechanism—every standard candle should yield the same inflated , because the physical recession velocity is
independent of the method used to measure the distance. The kinematic void model therefore predicts that Cepheids, TRGB stars,
JAGB stars, and surface brightness fluctuations should all produce identical, high values of  within the void.

Recent JWST calibrations report a persistent and systematic divergence between Cepheid-derived distances (
) and TRGB-derived distances ( – ) within the same Type Ia supernova host

galaxies. If physical, this indicator-specific distance divergence is the central observational puzzle that any viable resolution must
explain. A kinematic void lacks the physical machinery to produce a distance discrepancy between two stars residing in the same
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galaxy. The Temporal Equivalence Principle predicts precisely this divergence. Cepheids are acoustic clocks governed by the local
time field, while TRGBs contain no analogous period-transport bias.

Under the Temporal Equivalence Principle (Paper 0, Paper 11), proper time is a dynamical field governed by the matter metric
. The bias is an observing-chain artifact arising from the mismatch between nuclear-weighted

systemic spectroscopy ( ) and outer-disk standard candles ( ), while local stellar physics in the Jordan frame is standard. As
established in Paper 11, this observing-chain differential enters the distance ladder with an empirical response coefficient

 across the environmental potential coordinate , where host potential wells contribute
physical line shifts of  (Section 4.5), fully compatible with galaxy internal spectroscopy. The framework also
identifies an environmental dependence in SN light-curve stretch — a diffusion timescale that reflects the host potential environment
— providing a physical mechanism for the empirical SN Ia host-mass step, directly testable through -dependent Hubble residuals
(Section 9).

1.4 Scope and Structure of This Paper

This paper delivers a statistically clear rejection of the published KBC gradual-decay predictions against the underlying Pantheon+
distance-modulus data and native covariance, and presents two complementary supporting diagnostics that point in the same
direction. The primary falsification evaluates the published KBC Method-3  curves (digitized from Mazurenko et al. 2025,
Figure 3) directly against the observed distance-modulus vector, using the unbinned native -space likelihood with the native

 Pantheon+ STAT+SYS release covariance, the matched  submatrix where appropriate, and a marginalized
common zero-point. Over the model's stated validity domain ( ), the Gaussian and Exponential profiles are rejected by

 and  respectively; extending to the full Pantheon+ range strengthens the rejection to  and 
. The rejection is robust to digitization uncertainty at the level of the published figure (  changes  by only

 units).

Two supporting diagnostics reinforce this falsification. First, indicator-specific distance divergence: 17 of 22 galaxies with both
Cepheid and TRGB distances in the CF4 catalog show Cepheid distances shorter than TRGB (  one-sided sign test). A Xi
regression gives the TEP-predicted negative slope across every screened subsample once the R22 hosts use their canonical TEP-H0
central velocity dispersions ( , preventing face-on HI  inflation on M101):  mag on the TEP-H0 raw
sample ( ),  mag ( ) on the independent CF4 non-R22 subset ( ),

 mag ( ) on the full CF4 sample ( ), and  mag ( ) in the
hierarchical model controlling for the R22 registration offset (  mag, ). The potential-scaling coefficient
is measured by the TEP-H0 Step 44 redshift-only weighted least-squares regression in  space at 
mag (  at  km/s;  mag,  at the canonical  km/s, while the endpoint-closure
route of the same paper gives  mag, the spread across closures reflecting the allocation degeneracy
documented there), with the joint multi-block likelihood returning  mag (  at the canonical

 km/s, diluted by the limited potential-coordinate leverage of nearby TRGB calibrators). The strongest single-galaxy
evidence comes from the LMC internal radial Period–Luminosity gradient (  from OGLE-IV, robust to period and colour
matching; Paper 11). The M31 gradient (  mag,  in the HST PHAT catalogue, Kodric et al. 2018;

 mag,  in the footprint-restricted Pan-STARRS catalogue) survives 2D period–colour matching at
 mag ( ), retains a reddening-free offset  mag ( ) under band decomposition,

and sharpens to  mag ( ) under flux-independent neighbour-density crowding control (whereas conditioning
on propagated magnitude error  induces outcome-collider bias; Paper 11). The LMC internal gradient thus provides the primary
single-galaxy detection surviving all matched confounder controls, while M31 supplies a concordant single-galaxy diagnostic whose
amplitude across crowding and period–colour splits is free from host-to-host peculiar velocity systematics. Second, a bulk-flow
estimator audit shows that the apparent calibration-dependent excess vanishes under an -invariant estimator, demonstrating that
the conventional peculiar-velocity differential is a calibration artifact rather than independent kinematic evidence.

The analysis uses 38,053 galaxy groups from the CosmicFlows-4 catalog and the Pantheon+ sample (1,543 unique SNe for
descriptive binned analyses; all 1,701 released light curves for the native covariance likelihood). The structure follows a rigorous
analytical progression. Section 2 reviews the local distance ladder in the JWST era. Section 3 presents the kinematic void hypothesis.
Section 4 develops the TEP framework. Sections 5–8 identify and evaluate three observables: (i) indicator-specific distance
divergence (Section 5, a discriminating test), (ii) peculiar velocity calibration sensitivity (Section 6, a deterministic consequence), and
(iii) the  redshift profile (Sections 7–8, the primary discriminating test). Section 9 applies the TEP correction to Pantheon+.
Section 10 outlines falsification pathways. Sections 11–12 discuss the theoretical implications and conclude.

Throughout this analysis, standard classical expansion coordinates (such as , , and FLRW distance moduli) are employed strictly
as the standard operational reduction framework. This methodology allows the KBC model to be falsified on its own native
coordinates without requiring the reader to adopt the global non-expanding TEP cosmology in advance. These are analysis
coordinates, not TEP ontology.

The single-galaxy radial gradient tests (M31, LMC) and the full distance-ladder  unification are established in the companion
paper TEP-H0 (Paper 11; Smawfield 2026, DOI: 10.5281/zenodo.18209702). This paper focuses on observables that falsify the void
model on its own terms, without duplicating the positive TEP evidence in TEP-H0. This paper therefore delivers a clear empirical
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rejection of the published KBC/MOND kinematic-void family tested here; while rejecting this competitor does not by itself confer
evidential weight on TEP, the residual data independently exhibit the signatures predicted by an environment-dependent clock bias
under the Temporal Equivalence Principle.

2. The Local Distance Ladder in the JWST Era

The foundation of the Hubble tension depends on the accuracy of the local distance ladder. Standardizing the luminosities of Type Ia
supernovae requires primary distance indicators, historically dominated by Cepheid variables. However, alternative indicators, such
as the Tip of the Red Giant Branch (TRGB) and the J-region Asymptotic Giant Branch (JAGB) stars, have introduced complex
secondary tensions within the local distance scale itself. Any viable resolution of the Hubble tension must directly address these
discrepancies.

2.1 The Leavitt Law and the Classical Distance Ladder

The classical distance ladder relies on the Leavitt Law (the Period-Luminosity or P-L relation), which establishes that the intrinsic
brightness (absolute magnitude ) of a Cepheid variable is tightly correlated with its pulsation period :

By measuring the apparent magnitude  and the pulsation period , astronomers determine the distance modulus ,
yielding the luminosity distance :

This calibration anchors the peak luminosity of Type Ia supernovae (SNe Ia) in nearby host galaxies, which in turn measures the
Hubble constant in the Hubble flow via . The entire chain depends on the assumption that the Leavitt Law is universal—
that a Cepheid with a given period  has the same intrinsic luminosity regardless of the gravitational environment in which it resides.
This assumption is the Isochrony Axiom, and it is precisely this axiom that the TEP framework challenges.

2.2 Cepheid Crowding, JWST Resolution, and Linearity Validation

For years, the primary criticism levied against the SH0ES (Supernovae, , for the Equation of State) collaboration's measurement of
 was the potential for unresolved stellar crowding in Hubble Space Telescope (HST) near-infrared

photometry. Because Cepheids are young, massive stars, they reside in dense, star-forming regions of their host galaxies. It was
hypothesized that unrecognized flux from adjacent red giant or asymptotic giant branch stars could artificially inflate the measured
luminosity of distant Cepheids, leading to underestimated distances and an overestimated .

The James Webb Space Telescope (JWST) was deployed, through programs such as GO-1685 and GO-1995, to resolve this debate by
providing unprecedented angular resolution in the near-infrared. The dual-module configuration of the JWST NIRCam instrument
allows for multiple standard candles to be simultaneously observed, cleanly separating Cepheid standard candles from surrounding
photometric contamination. Recent JWST observations of over 1,000 Cepheids in geometric anchor galaxies, such as NGC 4258, and
several SN Ia host galaxies have unequivocally validated the prior HST measurements. By using two epochs to constrain Cepheid
phases and three filters to accurately remove reddening, JWST reduced the dispersion in the Cepheid Period-Luminosity relations by
a factor of 2.5.

Despite this substantial gain in precision, the formal difference in mean distance measurements between HST and JWST was found to
be a negligible  mag. This result is independent of zero-points, metallicity dependence, local crowding, and the choice
of filters. Consequently, the hypothesis that unrecognized crowding in HST photometry grows with distance and is responsible for the
Hubble tension is now formally rejected at  confidence—a statistical threshold even greater than the Hubble tension itself.
Furthermore, combining all measures produces the strongest constraint yet on the linearity of HST Cepheid distances, measured at

, indicating near-perfect agreement with unity and ruling out distance-dependent biases. Most recently, JWST Cycle 2
observations of the background-free SN Ia host NGC 3447 confirmed zero HST–JWST difference in a single-anchor configuration
(Riess et al. 2025), further consolidating the photometric integrity of the Cepheid calibration.

This result is critical to the present analysis. The JWST validation strongly validates the HST photometry and excludes crowding at
the required amplitude. The question is not whether the photometry is correct—it is—but whether the standard physical interpretation
of that light (the universal Leavitt Law) is complete.

2.3 The TRGB and JAGB Alternative Indicators
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While the SH0ES Cepheid data remains internally robust, independent distance indicators analyzed by the Chicago-Carnegie Hubble
Program (CCHP) give a conflicting result. Utilizing the TRGB and JAGB methods, the CCHP has derived notably lower values for
the Hubble constant. Based on recent JWST data tied to SNe Ia, the CCHP TRGB yields

, while the JAGB yields
. These values are highly consistent with the ΛCDM CMB predictions,

which some researchers suggest negates the need for new physics.

TRGB distances rely on the core helium flash of low-mass stars, a phenomenon theoretically decoupled from the complex star-
formation histories that affect Cepheids, bringing advantages of simplicity and small systematic uncertainties from extinction and
metallicity. JAGB stars, which are carbon-rich variables, are valued because only single-epoch, random-phase photometry is strictly
necessary to derive distances, though multi-epoch time-averaging is preferred to decrease the contribution of intrinsic variability.

The internal consistency between CCHP's TRGB and JAGB in certain nearby galaxies is notable, with a quoted RMS scatter of
 mag. Yet, broader comparisons reveal deep photometric rifts. When comparing ground-based JAGB

distances to uniformly reduced space-based optical TRGB distances from HST, a highly significant offset of
 mag emerges—representing a 9% discrepancy in distance. Inspections of HST color-

magnitude diagrams suggest that the issue lies in the underlying JAGB distances. Lower resolution or photometric calibration issues
in ground-based near-infrared data may be artificially compressing JAGB distances, a sharp contrast to the general agreement found
between JWST JAGB and other space-based indicators such as Cepheids and Miras. In 9 out of 13 HST color-magnitude diagrams,
the JAGB-implied values are visibly inconsistent with the onset of the TRGB.

2.4 Summary of Distance Indicator Results

Table 1: Summary of distance indicator results in the JWST era. Four independent calibrations of  from the local distance ladder, showing the
persistent divide between Cepheid-anchored and TRGB/JAGB-anchored values.

Indicator Primary
Telescope

 (km s  Mpc
)

Tension with CMB (
)

Primary Systematics / Notes

Cepheids +
SNe Ia HST / JWST

SH0ES; crowding rejected at . Linearity at
.

TRGB + SNe
Ia

JWST
(stat)

CCHP; relies on smaller SN subsample. Avoids star-
formation bias.

JAGB + SNe
Ia

JWST
(stat)

CCHP; displays  mag offset against space-based
optical TRGB.

IR SBF + SNe
Ia

HST  (stat)
Garnavich et al. (2023); independent of stellar resolution,
relies on passive galaxies.

2.5 Sample Variance and Subsample Biases

The discrepancy between the CCHP and SH0ES results is partially driven by the specific subsamples of Type Ia supernovae selected
for calibration. The SH0ES collaboration uses a robust sample of 42 local SNe Ia calibrated by Cepheids. In contrast, early JWST
subsamples from CCHP used for JAGB measurements rely on only 8 to 11 SNe Ia. The CCHP excluded three hosts for JAGB
measurements, leaving a set of eight SNe Ia that are demonstrably biased low with respect to the mean. A statistical selection of every
unique combination of 8 SNe Ia from the original 42 SH0ES supernovae reveals that the selected JAGB sample is highly unusual,
sitting in the bottom 5% of the distribution; the HST Cepheids would expect an  purely based on this
specific subset of 8 supernovae.

Furthermore, combining JWST Cepheids, JAGB, and TRGB into a single distance-limited set of 16 SNe Ia at  Mpc yields
, , and , respectively. When explicitly accounting for common SNe, the three-

method JWST result is , practically identical to the  expected from HST
Cepheids in those exact same galaxies. This demonstrates that when evaluated on the same galaxy samples, all standard candles point
toward a high Hubble constant. The apparent tension between standard candles is partly a small-sample statistical artefact.

However, the physical mechanism underlying the indicator-specific offset in matched hosts—why Cepheids and TRGBs yield
systematically different distances even when applied to the same galaxies—remains unexplained by standard cosmology. While
sample variance explains part of the CCHP-SH0ES discrepancy, it cannot account for the fundamental physical difference between
acoustic and non-timescale distance indicators identified by the TEP framework.

2.6 Supernova Host-Galaxy Mass Steps and SBF Calibration

A tertiary systematic that must be addressed is the standardization of Type Ia supernovae themselves. The luminosity of SNe Ia is
empirically corrected using light-curve stretch and color parameters, often using the SALT2 fitter or hierarchical Bayesian SED
models like BayeSN. The SALT2/SALT3 standardization relation is , where  is the light-
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curve stretch — the timescale of photospheric diffusion through the ejecta. The peak luminosity is nuclear physics; the light-curve
width by which it is standardized is a clock. This distinction is central to the TEP framework (Section 9.6): under any theory in which
clock rates respond to environment, SN stretch inherits an environment-dependent bias that propagates into the standardized
magnitude through the  term.

Even after SALT2/SALT3 standardization, a residual correlation with the host galaxy's stellar mass remains — the "mass step."
Analysis of extensive SN Ia datasets, such as the JLA and RAISIN surveys, demonstrates Hubble residual steps of –  mag
depending on whether the host galaxy mass is above or below . The mass step has persisted for approximately 15 years
without a unique physical explanation. Section 9.6 identifies it as the observational signature of the SN light-curve stretch channel:
more massive hosts reside in deeper gravitational potentials, producing a larger clock-rate differential and a correspondingly larger
stretch bias. The TEP prediction is falsifiable: the step should correlate with the potential coordinate  rather than with stellar mass
per se, and the correlation should persist after the SALT3 mass correction is applied.

To bypass the star-forming complexities of Cepheid hosts entirely, researchers use near-infrared Surface Brightness Fluctuations
(SBF) in early-type galaxies. SBF calibrators do not require resolving individual stars and can measure distances out to 100 Mpc
while maintaining 5% precision, using massive, passively evolving host galaxies. When SNe Ia in the Hubble flow are sub-sampled to
match the properties of SBF hosts (rather than Cepheid hosts), the average calibrator distance moduli vary by up to 0.03 mag, adding
a 1.8% systematic uncertainty. Despite this entirely distinct galactic demographic, robust SBF calibrations still yield

.

The synthesis of these datasets demonstrates that the most highly resolved and diverse observations consistently point to a locally
inflated Hubble constant, confirming that the tension requires a structural or fundamental physical solution rather than a purely
statistical one. The four indicator classes span a range of  values (JAGB , TRGB , Cepheids , SBF ), but this
ordering is not advanced here as a statistical test of the framework: with  indicator classes the ordering is confounded with
host morphology, dust content, stellar-population age, and photometric method, each of which varies jointly with calibrator-
population potential depth across the four classes. A discussion of the ordering as a suggestive observation — not a formal statistical
signature — is given in Section 9.7.

2.7 The Indicator-Specific Offset as the Key Diagnostic

Published Cepheid and TRGB calibrations exhibit indicator-dependent differences, motivating a matched-host diagnostic. When
applied to matched host samples, Cepheids produce  while TRGBs produce . JWST has ruled out crowding at

 as the sole explanation. The offset is not purely a sample selection effect, as it persists in matched hosts, though its amplitude is
strongly reduction-dependent (Section 5). It is more naturally a physical or calibration difference between two classes of standard
candles that operate on fundamentally different physical mechanisms: acoustic envelope pulsation (Cepheids) versus nuclear ignition
thresholds (TRGB). Section 5 tests how much of that difference survives common provenance and reduction controls.

This indicator-specific offset is the key diagnostic that distinguishes a clock-calibration bias (TEP) from a kinematic outflow (void
model). A kinematic void inflates recession velocities uniformly and cannot produce a distance discrepancy between two stars in the
same galaxy. The TEP framework, by contrast, predicts precisely this divergence: acoustic clocks are coupled to the dynamical time
field and suffer environment-dependent period contraction, while nuclear candles contain no analogous period-transport bias. This
physical distinction is developed formally in Section 4 and tested observationally in Section 5.

3. The Kinematic Void Hypothesis: KBC, MOND, and Bulk Flows

Having established the validity of the locally inflated  measurement, attention now turns to the physical mechanism. If the
measurement is real, the local Universe must differ from the global average. The most compelling late-time kinematic solution to the
Hubble tension is the proposition that the Milky Way resides within a massive, underdense region of the cosmos known as the
Keenan-Barger-Cowie (KBC) supervoid. This section presents the void hypothesis in detail, including its observational foundations,
its gravitational engine (MOND), and its predictions for large-scale peculiar velocities.

3.1 The Keenan-Barger-Cowie Supervoid

Multi-wavelength galaxy number counts—from near-infrared to optical catalogs—provide robust, cross-spectrum empirical evidence
that the local Universe at  is strongly inhomogeneous. The KBC void (Keenan, Barger & Cowie 2013) is an observed
macro-structure extending radially between 40 and 300 Mpc around the Local Group, with the Milky Way located within it, though
notably not at its exact center. The relative density contrast of this region, defined mathematically as , is measured at

. This indicates a 46% underdensity, meaning the local Gpc-scale volume contains roughly half the matter expected
from the global cosmic average.

In standard cosmology, the assumption of homogeneity implies that the Hubble parameter is constant across space at any given epoch.
The local expansion relationship is given by  in the local universe. However, for an observer residing within a large local
void, this assumption collapses, as local kinematics decouple from the background expansion. Independent analyses of the Pantheon
SN Ia sample have already searched for precisely this local void signal and ruled it out: Kenworthy, Scolnic & Riess (2019) found
that local structure does not impact the measurement of  at the level required to explain the tension. The KBC authors dispute this
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conclusion, arguing that the Pantheon analysis does not probe the full depth of the void at ; the present paper addresses this
directly by evaluating the published KBC  prediction curves over their own stated validity domain (Section 7).

3.2 Gravitationally Induced Outflows and Apparent H₀ Inflation

The physics of a local void fundamentally alters the locally inferred recession scale. Because the interior of the void contains
significantly less mass than its edges, gravitational forces pull matter outward from the center toward the denser, unperturbed
cosmological background. This gravitationally induced outflow creates a local peculiar velocity field that is superimposed directly
onto the background Hubble flow.

For galaxies observed within or near the edge of the void, their total observed velocity is the sum of the assumed cosmological
expansion and the outward peculiar velocity. An observer measuring these redshifts and applying standard luminosity distances will
infer an artificially high local expansion rate, despite the true global background parameter remaining firmly anchored at

.

Haslbauer, Banik, and Kroupa (2020) demonstrated mathematically that gravitationally driven outflows from a void with the KBC's
specific density profile inflate apparent redshifts precisely enough to generate the  increase in the Hubble constant observed by
the SH0ES collaboration. Furthermore, semi-analytic void models generate a highly specific, testable prediction: the redshift decay
profile, . The local estimate of  must peak in the very low-redshift universe ( ) and then exhibit a gradual decline
toward the background Planck value at higher distances. Recent observational studies defining  in narrow redshift bins show a
decline toward the background value in some binning-based treatments, but the inferred  profile is estimator-dependent: other
treatments of the same data, including the native -space likelihood used below, do not recover it.

3.3 The CosmicFlows-4 Bulk-Flow Anomaly

A hallmark of a successful theory is the prediction of phenomena beyond its original scope. The main kinematic prediction of the
KBC void model is that peculiar velocities of galaxy clusters should be substantially larger than expected within the ΛCDM
framework. If matter is rapidly evacuating a 600 Mpc void, vast bulk flows should be observable across the local universe.

Watkins et al. (2023) analyzed the CosmicFlows-4 catalog, providing highly accurate measurements of the bulk flow of galaxies on
scales of – . The ΛCDM model predicts that the expected rms bulk-flow amplitude declines with increasing survey
scale, as the universe becomes highly homogeneous on scales exceeding 100 Mpc. However, the CosmicFlows-4 data reveals a
monotonically rising bulk-flow curve. The reported CF4 amplitude at  lies in significant tension with that predicted
distribution, resulting in a severe  tension with standard cosmology.

Mazurenko, Banik, Kroupa, and Haslbauer (2024) subjected their previously published semi-analytic void model to this new
kinematic data. Without any post-hoc calibration to the bulk flow measurements, the void model predicted bulk flow curves in
qualitative agreement with the CosmicFlows-4 observations. If the observer's vantage point is chosen to match the observed bulk flow
on a scale of , the gravitationally driven outflows from the void replicate the anomalous high-velocity flows at

.

This success is a component of the void model's appeal. However, Stiskalek, Desmond & Banik (2025) subsequently tested the local
supervoid solution by fitting CF4 galaxy-by-galaxy distance observables directly, rather than relying on compressed bulk-flow
summaries. They find preferred void sizes  Mpc — far smaller than the fiducial HBK20 void of  Mpc — and the
Gaussian and Maxwell–Boltzmann cases give local  and , while the exponential profile is disfavoured by Bayesian
evidence. They also note that the earlier Mazurenko bulk-flow analysis contained a misunderstanding that altered its conclusions.
This independent result supports the central methodological point of the present paper: direct distance observables should be analyzed
directly, not through compressed bulk-flow summaries that may obscure the calibration dependence identified in Section 6. The bulk-
flow anomaly is a derived quantity whose significance depends critically on the distance calibrators used to compute peculiar
velocities — and this dependence opens a falsification pathway that the void model does not survive.

3.4 Summary of Cosmological Observables

Observable Measurement ΛCDM Expectation Tension

Local expansion ( )  km s  Mpc  km s  Mpc

KBC void density ( )  (out to 300 Mpc)  on  Mpc scales

Joint  + void tension Combined probability space Strict consistency

Bulk flow (  Mpc) Rising velocity curve Rapid convergence to 0 km/s

3.5 The Structural Tension with ΛCDM

z < 0.05
H0(z)

HCMB
0 ≈ 67.4 km s−1Mpc−1

∼ 9%

H0(z) H0 z < 0.15
H0(z)

H0(z)
μ

100 250 h−1 Mpc

200 h−1 Mpc
4.6σ

50 h−1 Mpc
250 h−1 Mpc

≲ 70 ∼ 600
H0 ∼ 70.4 70.2

H0 73.0 ± 1.0 −1 −1 67.4 ± 0.5 −1 −1 > 5.0σ

δ 0.46 ± 0.06 δ ≈ 0 > 100 6.04σ

H0 7.09σ

200 h−1 4.6σ
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While the KBC void resolves the Hubble tension observationally, it introduces a severe structural tension into standard ΛCDM
cosmology. If mass is conserved and the initial conditions of the Universe match the nearly uniform density perturbations observed in
the CMB (with extremely small initial cosmic variance), ΛCDM does not possess the gravitational mechanisms to evacuate enough
matter to form a void of this magnitude within 13.8 billion years.

Cosmological simulations, such as the MXXL simulation—a massive N-body hydrodynamical run designed to model large-scale
structure formation in ΛCDM—reveal the extreme statistical improbability of the KBC void. The existence of an underdensity with

 spanning 300 Mpc generates a  tension with the standard model. Attempting to resolve this structural tension only
inverts it: diluting the void to preserve ΛCDM removes its ability to inflate local redshifts, leaving the  anomaly entirely
unexplained. When the structural impossibility of the void is combined jointly with the  Hubble tension, the joint confidence
constraint rules out the ΛCDM paradigm at a  confidence.

This result is significant: the Hubble tension is not an isolated metric problem but a symptom of a broader failure in the standard
model's structure formation timeline. However, the resolution proposed by the void framework—replacing ΛCDM with MOND-
driven void formation—carries its own theoretical burdens, which are now examined.

3.6 MOND as the Gravitational Engine

To explain the KBC void and the associated bulk flows, structure must grow much more efficiently on scales of tens to hundreds of
Mpc than the ΛCDM paradigm allows. MOND (Milgrom 1983) achieves this by modifying the Newtonian acceleration law in the
ultra-low acceleration regime ( , where ). In this deep-space regime, the effective gravitational
acceleration scales as the geometric mean of the Newtonian acceleration and , leading to stronger gravitational binding and more
aggressive large-scale clustering without the need for hypothetically invoked cold dark matter particles.

In the context of the KBC void, the enhanced long-range gravitational forces inherent in MOND significantly accelerate the
evacuation of matter from initial underdense regions. This process evacuates deep voids from the initial CMB density perturbations
well within the 13.8 Gyr age of the Universe. Crucially, MOND introduces the External Field Effect (EFE), a fundamental violation
of the Strong Equivalence Principle, where the internal dynamics of a gravitational system are influenced by the background
gravitational field of the larger cosmos.

Mazurenko et al. (2024) modeled the KBC void density profile against the local Hubble and deceleration parameters derived jointly
from SNe Ia (at redshifts – ), time delays in strong lensing systems, and the peculiar velocity of the Local Group relative to
the CMB. They found that their best-fitting MOND model simultaneously explains all these seemingly independent observables at the

 significance level (reducing the discrepancy to a minimal  tension) provided the void is embedded in a time-
independent external field of . This represents a concrete simultaneous fit demonstrating that Milgromian dynamics can
naturally resolve the Hubble tension and local structural anomalies simultaneously.

3.7 The Observer-Location Fine-Tuning Problem

The void model requires the Milky Way to sit remarkably close to the center of a billion-light-year underdensity. In cosmology, this
introduces an observer-location fine-tuning—a tension with the Copernican Principle, the philosophical and observational pillar that
Earth does not occupy a uniquely privileged or special place in the Universe. While the Milky Way is not at the exact geometric
center of the KBC void, the required proximity is sufficiently close to raise serious fine-tuning concerns. A void of this size and depth,
centered on the observer's location, is a statistical anomaly in itself, independent of the ΛCDM structure formation problem.

The TEP framework entirely avoids this problem. The clock bias happens locally within the deep gravitational potential wells of any
massive SN Ia host galaxy. It relies on standard, ubiquitous galactic physics rather than a statistically anomalous observer location.
No special location for the Milky Way is required; the effect is universal and operates wherever deep-potential galaxies are used as
distance calibrators.

3.8 The DHOST Covariance Question

A frequent criticism of phenomenological MOND is its integration into a fully covariant, relativistic theory of gravity. To circumvent
Ostrogradsky instabilities, theorists rely on disformal metric transformations mapping the Einstein-frame metric  to a physical
metric  via a scalar field :

where  represents the kinetic term,  is the conformal factor, and  is the disformal factor. By employing a
degenerate kinetic matrix, one can construct Degenerate Higher-Order Scalar-Tensor (DHOST) theories that guarantee ghost-free
propagation. While this addresses the field-theoretic viability of MOND, it highlights that the void model's gravitational engine
requires significant additional theoretical machinery. The present paper does not depend on the detailed covariance structure of either
framework; the empirical results are independent of the ghost-elimination mechanism.

δ = 0.46 6.04σ
H0

5.3σ
7.09σ

a < a0 a0 ≈ 1.2 × 10−10 m s−2

a0

0.023 0.15

1.14% 2.53σ
0.055 a0

gμν
~gμν ϕ

~gμν = C(ϕ,X) gμν +D(ϕ,X) ∂μϕ ∂νϕ (3)

X = − 1
2 g

μν∂μϕ ∂νϕ C D
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4. The TEP Framework: Isochrony Violation and the Acoustic Clock Bias

The kinematic void hypothesis, presented in Section 3, resolves the Hubble tension by modifying the motion of galaxies. The
Temporal Equivalence Principle (TEP) framework resolves it by modifying something far more fundamental: the rate at which time
flows in deep gravitational potentials. This section develops the TEP scalar-tensor action, derives the isochrony violation that
produces the acoustic clock bias in Cepheid variables, and shows why non-timescale distance indicators (TRGB, JAGB) avoid the
analogous period-transport bias.

4.1 Proper Time as a Dynamical Scalar Field

In standard General Relativity, proper time is fundamentally geometric. It acts as a passive coordinate—a length measured along a
worldline, dictated entirely by the background metric tensor . The Temporal Equivalence Principle promotes proper time from a
passive geometrical consequence to an active, propagating physical field that dynamically couples to matter.

The framework introduces a scalar degree of freedom, , which has its own kinetic energy, potential, and equations of motion.
This field can evolve, propagate, and cluster in response to the local matter distribution. In scalar-tensor language, the matter sector
(Standard Model fields) couples not to the bare Einstein metric , but to a composite physical metric —the Jordan frame metric
— modulated by  through a disformal transformation:

where  is the conformal term, which scales the overall volume and dictates how the scalar field globally rescales the
fundamental clock rate, and  is the disformal term, which couples matter to the gradients of the time field. Here

 is the disformal coupling function. The metric signature is taken as  throughout. In natural units ( ),
 is dimensionless and , so that the disformal term carries the same dimension as the metric . The scalar field 

has mass dimension one ( ), consistent with a canonical kinetic term in the action. In any local freely falling frame of the
causal matter metric , physics reduces strictly to special relativity with an invariant speed of light  (Rule 21).

Methodological note on expansion versus temporal shear. In the foundational TEP cosmology (Papers 0 & 30), spatial geometry is
static, and the cosmological redshift  represents the integrated conformal evolution of the time field along the photon path (

) rather than physical metric expansion. Throughout this paper, classical expansion coordinates ( , recession
velocity , and FLRW distance integrals) are employed strictly as the standard reduction framework of the Pantheon+ and
CosmicFlows-4 datasets. This allows the KBC kinematic void model to be falsified on its own native coordinates without requiring
the reader to adopt the global non-expanding TEP cosmology in advance.

The scalar field  is governed by a Klein-Gordon type equation of motion sourced by the local matter distribution:

where  is the trace of the matter stress-energy tensor. In deep gravitational potential wells—such as the cores of massive spiral
galaxies—the high matter density sources a strong local gradient in , producing a measurable departure from the standard geometric
clock rate.

4.2 Breaking the Isochrony Axiom

The Isochrony Axiom is the assumption that identical clocks in identical gravitational potentials tick at identical rates. This is a
stronger statement than the Einstein Equivalence Principle: it requires not only that local experiments are unaffected by gravitational
environment (the weak equivalence principle), but that the fundamental rate of time is uniquely determined by the metric tensor
alone.

The TEP framework violates the Isochrony Axiom. Because  is governed by a wave-like equation of motion, the local clock rate is
no longer strictly bound by the classical Equivalence Principle. Two identical atomic clocks, placed in environments with identical
gravitational potentials and velocities, will tick at different rates if the underlying dynamical time field  has a different local density
or gradient. The physical clock rate  is determined by the local equilibrium between the background time field and the surrounding
matter, meaning time can compress or dilate dynamically in deep gravitational wells (like galactic cores) beyond what standard
kinematic time dilation predicts.

4.3 Emergent Light Speed

gμν

ϕ(x)

gμν ~gμν
ϕ

~gμν = A2(ϕ) gμν +B(X)∇μϕ∇νϕ (4)

A2(ϕ) gμν
B(ϕ)∇μϕ∇νϕ
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A(ϕ) [B] =M −4 gμν ϕ

[ϕ] =M
~gμν c

z

1 + z = A0/Aem H0
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ϕ
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∂V (ϕ)

∂ϕ
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∂A

∂ϕ
T μ
 μ +… (5)
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ϕ
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A consequence of a dynamical time field is the concept of emergent light speed: if the fundamental scale of proper time is a
dynamical variable, the locally measured speed of light  becomes a derived property rather than a fundamental background constant.
Under TEP, electromagnetic waves propagate along the null geodesics of the physical metric , and because both the matter-clock
rate and the ruler length are dynamically coupled to , a local observer will always measure . The full implications for cosmology
and the varying coordinate speed of light are developed in the foundational paper (Paper 0); this paper uses only the acoustic clock
bias consequence, which does not depend on the emergent light speed interpretation.

4.4 The Cepheid Clock Bias

The central physical mechanism through which TEP reinterprets the Hubble tension is the Cepheid clock bias — an environment-
dependent systematic in the Cepheid distance scale arising from the differential clock-rate structure of host galaxies. Classical
Cepheids are radially pulsating stars whose oscillation is driven by the -mechanism: a thermodynamic cycle operating in the partial
ionization zones of helium and hydrogen. The pulsation period  is determined by the acoustic crossing time of the stellar envelope:

where  is the local sound speed profile. This acoustic crossing time is governed by the local proper time rate, which under TEP
is modulated by the scalar field  through the conformal factor . In gravitational bound states, , slowing the rate of
proper time relative to cosmic background time. The absolute matter-clock rate is defined as , with the
strict hierarchy . No clock runs faster than cosmic background time; clocks in active-shear galactic
disks are less slowed than clocks in dense nuclear cores.

The period contraction mechanism operates through the core-disk clock differential in the observing chain (Section 4.5): Cepheids
reside in galactic disks at radii where the clock rate is , while the systemic spectroscopic redshift  is measured from light
weighted by the effective aperture/tracer. If that tracer is core-weighted, its effective clock rate satisfies  (the core is
more strongly slowed in the deeper potential well), making  a physical property of the observing aperture
geometry. When the observed period  is corrected to the rest frame using the systemic redshift, the inferred rest-frame period is:

The clock ratio  sets the sign and aperture topology of the inferred period contraction without requiring local clocks to
accelerate. The Cepheid's actual pulsation period in local proper time is unchanged; the bias enters entirely through the pipeline de-
redshifting operation, which uses the slower clock rate of the nuclear spectroscopic tracer ( ) rather than the disk Cepheid field (

). This directly expresses the fundamental TEP principle that matter clocks run slower in deeper gravitational potentials ( ),
as formulated in TEP-H0 (Paper 11).

As established in Paper 11 (Appendix C), the resulting ladder-level response coefficient  is an
empirical, multi-stage response across host potential coordinates . It is not a literal bare clock differential (

), which would indeed predict unphysical internal line shifts of . In physical spiral
galaxies, the potential depth  induces an aperture gravitational redshift of

, fully within internal galaxy spectroscopic bounds ( ). The same potential contrast
bounds the physical aperture ratio itself:  — a derived foreclosure that fixes the division of labour inside
the mechanism. The ratio  supplies the topology of the bias (its sign, its selectivity for transported-timescale indicators, and its
aperture-weighting dependence), while the amplitude is carried by the ladder-level transfer response , the empirical response
sector whose first-principles derivation is the Gate-A program. The ladder-level coefficient  absorbs the transfer function ,
the Leavitt law slope , aperture weighting, and the multi-step anchor-to-host distance scale.

Through the Leavitt Period–Luminosity law (  with ), the shortened inferred period alters the distance
modulus. Two sign-distinct quantities must be separated: the raw bias present in the uncorrected observed modulus, and the additive
correction that removes it. The period-response coefficient  governs the period contraction directly: , with

 where  is the near-infrared Leavitt law slope and  is the environmental potential coordinate. Because
, a contracted inferred period ( ) yields , so the raw modulus bias is negative:

. The additive correction that restores the true modulus is therefore positive: ,
where  is the distance-modulus channel coefficient (in mag). The positive sign of  is consistent with the empirical
prediction that Cepheid moduli are compressed relative to TRGB moduli and must be corrected upward.

c
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where  is the inner-potential stellar velocity dispersion at the radii Cepheids inhabit (matching the primary convention in
TEP-H0, Paper 11; the rotation proxy  is retained for the extended samples where inner dispersions are unavailable),
and  is the anchor reference potential, constructed from the weighted composite of local stellar velocity
dispersions at Cepheid disk locations within the primary calibration anchors: Milky Way solar neighbourhood ( ,
weight 0.20), LMC stellar disk ( , weight 0.25), and NGC 4258 intermediate annulus ( ,
weight 0.55). This form is dimensionless and ensures that  for massive hosts (deeper potentials than the anchor) and 
for low-mass hosts near the reference potential. The TEP-VOID pipeline adopts the same potential coordinate construction as TEP-
H0, with screening set to  for the Pantheon+ Hubble-flow regime, consistent with the TEP-H0 finding that disk Cepheids
reside in the weakly screened ( ) regime.

Anchor sensitivity. The NGC 4258 contribution dominates  (95.7%), and the adopted  may reflect a
bulge/nuclear value rather than the disk dispersion at the Cepheid radii ( –  kpc, where –  from stellar
absorption-line spectroscopy). A sensitivity analysis tests the impact: varying  from 60 to  changes  by a
factor of 5, but the maximum per-host correction  is preserved at  mag across the entire
range when  is computed from the velocity-dispersion proxy ( ), because  and  scale in opposite directions.
The significance of the  detection (  from redshift-only WLS at  km/s) is unchanged, as it is a signal-to-noise
ratio.

A note on the amplitude scale. The anchor sensitivity analysis uses the inner-dispersion coordinate  without the screening
factor, which gives  (at NGC 3147) and  mag. The TEP-H0 analysis and the matrix propagation
in Section 9 use the same  inner-potential coordinate with the anchor  and the screening factor 
applied, which gives  (at NGC 976) and  mag under  mag; the
difference between the two amplitudes is the screening factor, not a coordinate mismatch. The  coordinate measures the baryon-
dominated inner potential the Cepheid fields actually inhabit, whereas the rotation proxy  traces the outer halo and
degrades at low inclination (Paper 11, Step 64 audit); the  fit in TEP-H0 therefore uses the -based , and the -based

 is the self-consistent maximum Cepheid correction. The invariance of the anchor-sensitivity  mag across the
anchor sensitivity range holds because  is refit per anchor configuration — a gauge property of the refit rather than an
independent robustness demonstration. Adopting a disk-appropriate value ( ) as the primary configuration would
reduce  by 49% and increase all  by 20%, with no material change to the downstream conclusions. The weighting scheme
(0.20/0.25/0.55) is inherited from TEP-H0 (Paper 11); alternative schemes (equal weights, geometric-anchors-only) likewise preserve

. The anchor construction is robustly constrained by the current data; the present analysis is invariant to the weighting choice.

4.5 Observing-Chain Frequency Transport and the Spectroscopic Bound

A rigorous analysis of electromagnetic transport reveals how the observing chain maps stellar timescales between emission and
observation. In the causal matter metric , photons propagate along null geodesics ( ).
Wave mechanics strictly preserves phase across null paths: . Under the conformal rescaling of proper
time intervals , frequencies scale inversely to periods:

where  collects the cosmological redshift and peculiar motion along the line of sight. The observed spectroscopic redshift
 measures the frequency ratio of atomic transition lines:

If the observed period were de-redshifted using a spectroscopic redshift measured from the identical stellar environment (
), the conformal factor would cancel identically:

Xi =
Ui − Uref

c2
(8)
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In actual observational practice, however, standard distance-ladder pipelines do not measure spectroscopic redshifts at the individual
locations of outer-disk Cepheids. Instead, the systemic redshift  used to de-redshift all pulsation periods in the host is derived
from central nuclear spectroscopy or integrated starlight ( ), whereas Cepheid variable stars reside in the active shear environment
of the rotating stellar disk ( ). Because central bulges are deeper gravitational potential wells than disk outskirts, the temporal
field enforces the strict clock hierarchy:

An apparent objection arises if one conflates the macroscopic distance-ladder response coefficient 
with a literal single-point bare clock difference . Delivering an empirical distance modulus correction

 through a single-point clock shift would require , i.e.,
 ( ). A bare conformal gradient of that magnitude between core and disk would produce

internal spectral line shifts of  — an unphysical value completely excluded by internal galaxy spectroscopy,
which bounds internal velocity differentials at .

As demonstrated in Paper 11 (Appendix C.3), identifying  with a bare clock shift  is a category error. In physical spiral
galaxies ( ), the central-to-disk potential contrast is . The resulting physical
line shift is:

which is three orders of magnitude below internal galaxy spectroscopic tolerances ( ) and completely imperceptible
against thermal and turbulent Doppler line broadening. The quantity  is an empirical ladder-level response coefficient across
environmental potential coordinates , absorbing the core-disk transfer function , the Leavitt law slope , aperture
weighting, and the multi-step anchor-to-host distance scale.

Table 2: Unified TEP Distance Ladder Parameters

Parameter Symbol Canonical Value Description

Distance-modulus
channel coefficient

Fitted from generative distance ladder (Paper 11;
 at  km/s and
 at  km/s in  space)

Direct host velocity
slope

Direct aperture gravitational redshift  across Hubble-flow
hosts

Coupled channel
allocation ratio

 ( )
Direct velocity share ( ) vs Cepheid distance modulus share
( )

Mean calibrator
modulus correction

Calibrator average  (maximum per-host
 at NGC 976)

Physical core-disk
potential depth

Induces internal gravitational line shift  (
 bound)

4.6 Universal Scalar-Tensor Action and Field Profile

The TEP scalar-tensor sector is governed by the universal action (Papers 0 and 11):
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where matter couples universally to the causal matter metric . The conformal coupling
function is exponential:

with bare coupling constant  universally for all matter (Paper 0 §2.2). In the quasi-static galactic regime, varying the action
with respect to  yields the scalar field Poisson equation:

where  is the local matter density. Using the standard Poisson equation for the Newtonian potential 
(in natural units with ), the scalar perturbation traces the gravitational potential:

Expanding the conformal factor in the weak-field limit yields:

Clocks run slower in deeper gravitational potential wells, matching gravitational redshift and the foundational TEP axioms (Rules 3,
4, and 22). Local physics in freely falling frames of  reduces strictly to special relativity with an invariant speed of light  (Rule
21). Stars are not mechanically compressed or perturbed; their local pulsation periods  in Jordan-frame proper time  remain
standard stellar astrophysics.

4.7 Observing-Chain De-Redshifting and Period Contraction

The distance-ladder bias enters entirely through the observing chain — the de-redshifting operation that maps telescope observations
to the rest frame. A Cepheid pulsating in the outer disk of host  at clock rate  produces an observed light-curve period:

The host systemic redshift is measured from nuclear or integrated spectroscopy weighted toward the deeper gravitational well of the
galactic core:

The standard observational pipeline corrects the observed period to the rest frame by dividing by :

where . Because the nuclear tracer samples a more strongly slowed clock than the disk Cepheid ( ),
the clock ratio satisfies . The inferred rest-frame period is contracted relative to the true local period. The contraction is
produced by the observing-chain division, not by an intrinsic alteration of stellar physics.

~gμν = A2(ϕ) gμν +B(ϕ)∇μϕ∇νϕ

A(ϕ) = eβA ϕ/MPl , (15)

βA = −1
ϕ

∇2δϕ ≃
βA

MPl
ρ, (16)

ρ ∇2ΦN = 4πGρ = ρ/(2M 2
Pl)

8πG =M −2
Pl

δϕ(r) ≃ 2βAMPlΦN(r) = −2MPlΦN(r). (17)

A(ϕ) ≈ 1 +
βA δϕ

MPl
= 1 + 2ΦN(r)/c

2 < 1, ΦN(r) < 0. (18)

~gμν c

Plocal d~τ

i rCep,i

Pobs,i = (1 + zpath,i)
Plocal,i

rCep,i
. (19)

1 + zspec,i =
1 + zpath,i

rspec,i
. (20)

(1 + zspec,i)

P inf
rest,i ≡

Pobs,i

1 + zspec,i
= Plocal,i ⋅

rspec,i

rCep,i
= Plocal,i ⋅ qi, (21)

qi ≡ rspec,i/rCep,i rspec,i < rCep,i
qi < 1
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4.8 Distance-Ladder Propagation and Channel Allocation

The Period–Luminosity (Leavitt) relation is calibrated on an anchor ensemble (Milky Way, LMC, SMC, NGC 4258) residing in
shallow gravitational potential environments with reference clock ratio . The environmental period residual applied to the
calibrated Leavitt relation is:

where  is the dimensionless host potential coordinate, and  is the transfer function.
Evaluated through the Wesenheit relation  ( ):

Because  and , the inferred absolute magnitude is fainter ( ). Since the observed distance modulus is
, underestimating intrinsic luminosity artificially compresses the inferred distance modulus:

. The true distance is related to the uncorrected observed distance by:

Under the coupled velocity–distance allocation derived in Paper 11 (Appendix C.4), the combined endpoint response
 governs cosmological inference:

The analytic ratio of the two channels evaluates to:

Direct gravitational redshift in the velocity channel accounts for only  of the combined endpoint response, while
 is allocated to the Cepheid distance-modulus channel. The physical origin of this asymmetry is the dimensional lever arm

between linear gravitational redshift ( ) and photometric distance modulus exponentiation (
, corresponding to apparent expansion shifts of  at the fiducial  Mpc).

4.9 The SN Light-Curve Stretch Channel

The SN Ia light-curve stretch  in the SALT2/SALT3 standardization is a time-domain observable: it measures the width of the SN
light curve, set by the photon diffusion timescale through the expanding ejecta. As a timescale, it inherits the same observing-chain
bias as the Cepheid period — no physical modification of the ejecta is required.

The observing chain for the SN stretch is directly analogous to the Cepheid case. The SN explodes in the host galaxy's disk or halo at
clock rate . The light-curve width is observed as , where  is the true local diffusion timescale
(standard Arnett physics, unmodified). The systemic redshift is measured from the host core: . The
pipeline computes:

qref

δ lnP inf
rest,i = ln( qi

qref
) = −λCepXi, (22)

Xi ≡ (S(Ei)u2ϕ,i − Uref)/c2 λCep > 0

MW = a+ b log10 P b ≈ −3.26

δMP ,i =
b

ln 10
ln( qi

qref
) = −

b

ln 10
λCepXi ≡ κCepXi > 0. (23)

b < 0 δ lnP < 0 δMP > 0
μobs = m−Minf

μobs = μtrue − κCepXi

dtrue = dobs ⋅ 10
κCep Xi

5 . (24)

ΓX ≡ βX,grav + (ln 10/5)Happ κCep

βX,grav ≡ ⟨ c

di
⟩ ≈ 9.60 × 103 km s−1Mpc−1, ΓX,Cep ≡ ( ln 10

5
)Happ κCep ≈ 3.85 × 107 km s−1Mpc−1.

βX,grav

ΓX,Cep
=

c/⟨d⟩

( ln 105 )Happ κCep
≈

9.60 × 103

3.85 × 107
≈ 2.5 × 10−4 ≈ 0.025%. (26)

∼ 0.025%
> 99.97%

Δ(cz) = Φ/c ∼ 70 m s−1

Δμ ∼ 0.08--0.42 mag ∼ 150--800 km s−1 d ∼ 35

x1

rSN tobs = (1 + zpath) tlocal/rSN tlocal
1 + zspec = (1 + zpath)/rspec

tinfrest =
tobs

1 + zspec
= tlocal ⋅

rspec

rSN
= tlocal ⋅ q

SN
i . (27)
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Since  (the core clock is more strongly slowed than the SN location), : the inferred stretch is contracted
(narrower light curve). The SALT standardization interprets a narrower light curve ( ) as a fainter SN, leading to
underestimated distances and inflated . The SN stretch response is parameterized as:

where  is the empirical SALT stretch response coefficient relating fractional light-curve width to the SALT 
coordinate, and  is the effective SN transfer function. The standardized magnitude shift is , where

.

The host-mass step arises naturally: more massive hosts have deeper central potential wells, producing larger core-to-ejecta clock
differentials and therefore larger stretch bias. The SN channel is a falsifiable prediction of the observing-chain mechanism: the same
host potential coordinate  that produces the Cepheid period bias must also produce an -dependent residual in the SN Hubble
diagram, beyond the standard host-mass correction. The -step test (Section 10.4) is the direct empirical test of this prediction.

The observing-chain mechanism makes a falsifiable band-dependence prediction. The Leavitt law slope differs between optical and
near-infrared bands:  versus . Since , the TEP distance compression is  larger in the
NIR than in the optical. The inter-band differential:

should anti-correlate with : NIR distances should be more heavily compressed at deeper potentials, giving  and a
negative regression slope. This prediction is specific to the observing-chain period transport channel; conventional systematics
(extinction, metallicity, crowding) do not naturally produce this band-dependent spatial signature with the predicted sign and
amplitude.

4.10 The Calibration Chain and Hubble Constant Inflation

The Cepheid distance ladder is calibrated on geometric anchors (LMC, SMC, Milky Way parallax, NGC 4258 masers) that reside in
shallow gravitational potential environments. The Leavitt Law is established in these shallow-potential calibrators and then applied to
Cepheids in distant SN Ia host galaxies, which are typically massive, luminous spirals with significantly deeper central potential wells
and higher velocity dispersions.

In deep gravitational potential wells with active temporal shear, the core-disk clock differential produces an inferred period
contraction ( ) relative to the shallow-potential calibration anchors. When this shortened inferred period  is evaluated
through an uncorrected, universal P-L relation (  where ), the model interprets the star as having a lower
intrinsic luminosity (fainter absolute magnitude ).

The chain of consequences is:

1. Period contraction: the inferred rest-frame period  is shorter than the true local period, because the redshift
correction uses the core's deeper clock slowing.

2. Underestimated luminosity: the P-L relation assigns a fainter  (since  and  is too small).
3. Underestimated distance modulus:  is artificially small.
4. Underestimated distance: inferred distances to SN Ia hosts are systematically compressed ( ).
5. Inflated Hubble constant:  is artificially high.

Under the TEP environmental parameterization, the true distance  is related to the uncorrected observed distance  by:

where  is the distance-modulus channel coefficient defined above ( , with  the Leavitt law slope).

Applying this environmental clock correction to the Cepheid calibrators accounts for the calibrator-average offset (
 mag at typical  with ), with the maximum per-

host correction reaching  mag at the highest-  host (NGC 976). The precision-weighted ladder-level  is bounded by
this maximum and is  mag for the calibrator average. This is a zero-point recalibration: the correction is applied to
the Cepheid calibrator hosts that set , and the resulting  propagates uniformly to all Pantheon+ supernovae. The simple

rspec < rSN qSNi < 1
x1 < 0

H0

Δx1 = −γx λSNXi, (28)

γx ≡ dx1/d ln tstretch x1
λSN ΔmSN

B = αΔx1 = −κSNXi

κSN ≡ αγx λSN

Xi Xi

Xi

bV ≈ −2.76 bH ≈ −3.26 κCep = |b|κP ∼ 18%

Δμband = μNIR − μopt = −(bH − bV )κP Xi ≈ −0.5κP Xi (29)

Xi μNIR < μopt

qi < 1 P inf
rest

M = a+ b log10 P b < 0
M

P inf
rest = Plocal ⋅ qi

M b < 0 logP
μ = m−M

dobs < dtrue
H0 = cz/dobs

dtrue dobs

dtrue = dobs ⋅ 10
κCep Xi

5 (30)

κCep κCep = −b κP b ≈ −3.26

⟨Δμ⟩ ≈ 0.077 ± 0.036 ⟨Xi⟩ ∼ 6 × 10−8 κ
equiv
Cep = (1.220 ± 0.531) × 106 mag

∼ 0.42 Xi ΔMB

∼ 0.077 ± 0.036
MB ΔMB
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calibrator-average shift is  mag. Its exact distance-ladder propagation depends on the estimator: the public SH0ES
design matrix gives , while the unified host-level reconstruction of TEP-H0 gives

, consistent with the CMB value at . Section 9.5 distinguishes these two routes explicitly.
The detailed quantitative analysis of this correction across the 37-host SH0ES sample is developed in the companion paper TEP-H0
(Paper 11).

4.11 Why Nuclear Candles Avoid the Period-Transport Bias

The critical distinguishing feature of the TEP framework is that the clock bias affects only standard candles whose distance signal is
encoded in a dynamical, time-dependent oscillation or timescale that is transported to the rest frame via the host spectroscopic
redshift. The Tip of the Red Giant Branch (TRGB), the J-region Asymptotic Giant Branch (JAGB), and surface brightness
fluctuations (SBF) operate on a fundamentally different principle: TRGB is an ignition-threshold indicator; JAGB uses the mean
luminosity of carbon-rich AGB stars; SBF is a statistical stellar-population luminosity measure. None uses a redshift-corrected
timescale as its primary distance observable.

The TRGB marks the core helium flash in low-mass red giant stars. When the degenerate helium core reaches a critical mass (
), helium ignites explosively. The luminosity of this event is governed by the local thermodynamic state of the stellar

core — the temperature, density, and composition at the point of ignition — not by a transported, redshift-corrected periodic
timescale. The TRGB distance inference does not involve a period-transport step: the observed magnitude is compared directly to the
calibrated absolute magnitude, with no de-redshifting of a timescale observable.

Similarly, JAGB stars are carbon-rich asymptotic giant branch stars whose mean luminosity is set by the thermodynamic state of the
stellar interior during the thermal pulse cycle. The mean luminosity used for distance determination is a thermodynamic quantity
averaged over many pulse cycles, and does not involve a transported, redshift-corrected periodic timescale. SBF distances are
likewise determined by the statistical properties of the stellar population, not by a timescale that is de-redshifted using the host
systemic redshift.

The TEP bias enters specifically through the de-redshifting operation in the observing chain (the observing-chain equation above): the
Cepheid period and the SN light-curve stretch are both timescale observables that are corrected to the rest frame using ,
measured from the core. This is where the core-disk clock differential  produces the bias. TRGB, JAGB, and SBF distances
contain no analogous timescale-transport step — the observed flux is compared directly to a calibrated absolute magnitude, and the
host redshift enters only as a recession velocity ( ), not as a de-redshifting correction to a timescale. The observing-chain bias
therefore does not affect these indicators.

A kinematic void, by contrast, has no mechanism to produce such a divergence: if a galaxy is physically receding faster, all distance
indicators in that galaxy yield the same inflated .

4.12 Screening and the Dilute Regime

Screening in the TEP framework is the continuous suppression of the locally observable Temporal Shear — the gradient of the
conformal factor  — through the environmental operator . As established in the foundational TEP theory
paper (Paper 0), screening is not a binary on/off switch or a density threshold; it is a smooth, environment-dependent suppression
governed by the spatial and covariance structure of the scalar time field (Temporal Topology). Chameleon, Vainshtein, Galileon, DBI,
and symmetron mechanisms are treated as candidate microscopic completions, not as the defining ontology of TEP. The local matter
density is an observable proxy for the screening state, not the causal parameter.

The continuous screening factor  suppresses the observable Temporal Shear in high-density regimes (solar
neighbourhood, terrestrial laboratories), providing the phenomenological suppression required by local tests of the Equivalence
Principle, gravitational redshift experiments, and laboratory clock comparisons; complete microscopic local-constraint matching
depends on the screened  completion, while preserving dynamical time-rate variations on galactic and cosmological scales. In the
TEP-H0 implementation, the screening factor is decomposed into local and group components: , where

 captures the local stellar density at the Cepheid disk radius and
 captures the group-halo environmental contribution. For the Pantheon+ Cepheid calibrator-host

sample,  (weakly screened), consistent with the disk-Cepheid location in the active-shear regime.

Operator assignment. The factor multiplying  in  is the source-side suppression of the host's potential contribution to the
environmental field level — the well depth sources the local field through the host's effective scalar charge, which is the shear-sector
operator  evaluated at the habitat density (its ambient-density limit  with  is exactly

; Paper 11 §2.3, Paper 26 §5). The probe-side clock-amplitude response  — the geometric saturation factor evaluated at the
Cepheid's own material density — is a per-source constant across the calibrator ensemble and is absorbed into the channel-response
coefficient , which is defined to carry the transfer from the clock/redshift sector into the observable (Paper 11 §2.3, Appendix C).
The two operators therefore occupy different slots: the environmental regressor  carries -class suppression of the sourced field
contribution, while  rescales the response amplitude without reshaping the environmental dependence. Evaluating  at a habitat
density would be the cross-domain substitution that the projection ontology excludes. Because the Pantheon+ Hubble-flow hosts are

+0.077 ± 0.036
H0 = 70.46 ± 0.97 km s−1Mpc−1

H0 = 67.83 ± 1.56 km s−1Mpc−1 0.26σ

≈ 0.47M⊙

zspec
q clock
i

< 1

cz

H0

Σμ = ∇μ lnA(ϕ) SΣ(E)

SΣ(E) ∈ [0, 1]

M∗

Si = Slocal,i ⋅ Sgroup,i
Slocal,i = [1 + (ρi/0.5M⊙ pc−3)2]−1

Sgroup,i = [1 + (Nmb,i/10)1.2]−1

Si ≈ 1

Ui Xi

SΣ(E) [1 + (ρ/ρhalf)2]−1 ρhalf = 0.5M⊙ pc−3

Slocal,i SA

κCep
Xi SΣ

SA SA
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weakly screened, the assignment is numerically immaterial for the headline tests, and where  enters (the CF4 matched
samples) the screened and unscreened variants are both reported (Table 4).

The active regime — where the scalar field produces observable temporal shear — is the dilute regime: regions where the
environmental screening is weak ( ) but the gravitational potential is deep enough that the gradient of  is significant. The
interiors of massive spiral galaxies, particularly the disks where Cepheids are observed, fall precisely into this regime. The shallow-
potential calibrators (LMC, SMC, Milky Way Cepheids in the solar neighbourhood) have negligible  gradients, establishing the
baseline against which the deep-potential hosts show the bias.

This screening structure makes the TEP framework testable: the effect is not universal (which would have been detected in local tests)
but appears specifically in the transition from shallow to deep gravitational environments. The companion paper TEP-EXP (Paper 9)
develops the measurement taxonomy that distinguishes these regimes and identifies the proximity-regime screening transition as a
key discriminating observable.

4.13 Summary: TEP vs. Kinematic Void Predictions

Observable Kinematic Void Prediction TEP Prediction

Cepheid  in local
universe

Inflated (outflow adds to recession) Inflated (Cepheid clock bias from core-disk differential)

TRGB  in local
universe

Inflated equally (same outflow) Not inflated (no analogous period-transport bias)

Indicator-specific
distance divergence

Zero (kinematic effect is indicator-independent) Non-zero: Cepheid distances shorter than TRGB

 redshift profile Gradual decline (Gaussian  or Exponential
; HBK20/Mazurenko et al. 2025)

Flat  under global  calibration (Pantheon+
regime); per-host Cepheid calibrators show 
decay

Relative evolution  (decline toward CMB beyond void wall)  (zero-point cancels; tension governed by host
potential, not distance)

Observer-location fine-
tuning Required (Milky Way near void center) Not required (effect is local to each galaxy)

The three observables developed in Sections 5–8 are designed to test these mutually exclusive predictions against available data. The
primary falsification is the  redshift-profile test (Sections 7–8, two complementary views); the indicator divergence (Section 5)
is physically suggestive but dataset/reduction dependent; and the calibration sensitivity (Section 6) quantifies how the indicator
divergence propagates into the peculiar velocity field. In the primary test, the kinematic void prediction is strongly falsified; the KBC
models are strongly disfavoured, while the TEP prediction is consistent with the observations. The single-galaxy radial gradient tests
(M31, LMC) and the full distance-ladder  unification are established in the companion paper TEP-H0 (Paper 11) and are not
duplicated here.

4.14 The Mount Wilson Equivalence Theorem

A global gradient in the temporal shear field, superposed on a homogeneous spatial background, is observationally degenerate at the
level of the redshift observable with a FLRW kinematic expansion:  mimics  for standard matter
and electromagnetic fields that both couple to the same matter metric . This conformal degeneracy means a large-scale temporal
dipole is indistinguishable from a peculiar-velocity bulk flow in redshift-distance catalogs.

This theorem is tested directly with the full Pantheon+ sample. The standardized and raw forward-model distance moduli are fitted
with kinematic, temporal, and mixed dipole models over three redshift ranges ( , , ). In every case the
kinematic dipole is preferred over the temporal dipole by – . The recovered raw SALT3 coefficients ( ,

) are physically sensible, and the temporal amplitudes are consistent with zero. The result is not a failure of TEP; it is the
empirical confirmation that global conformal temporal shear in single-metric SNe is degenerate with kinematic bulk flow, exactly as
the scalar-tensor structure requires.

Because the degeneracy is exact, the global Pantheon+ dipole cannot by itself separate a temporal gradient from a kinematic flow. The
key tests are instead the local  temporal channel (Section 10.4) and the multi-sector comparison of gravitational-wave and
electromagnetic propagation (the standard-siren deviation ). The Mount Wilson Equivalence Theorem turns the apparent null in
the global dipole into an expected outcome that removes an apparent tension.

The equivalence applies to the globally coherent conformal background and does not require finite-scale environmental perturbations
of the dynamical time field to share the same radial structure. Section 6 therefore tests a separate finite-coherence perturbation
superposed on the global conformal background: a macroscopic temporal structure with a characteristic coherence scale , driven

Si < 1

SΣ ≈ 1 ϕ

ϕ

H0

H0

H0(z)
σz = 0.82

z0 = 0.74

H0(z) ≈ 73 MB

(1 + z)−0.3

ΔH0
ΔH0 < 0

ΔH0 ≈ 0

H0(z)

H0

1 + z = A0/Aem 1 + z = a0/aem
~gμν

z < 0.1 z < 0.5 z > 0.01
ΔBIC ≈ 15 24 αx1 ≈ −0.14

βc ≈ 2.6

Xi

Δsiren

LT
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by the local matter distribution rather than by a universe-wide linear gradient. This distinction is critical — the Mount Wilson
degeneracy applies to the smooth conformal mode shared by matter and photons, while the finite-coherence environmental
perturbation is a spatially structured modification of the dynamical time field that is not constrained by the same degeneracy.

5. Discriminating Observable I: Indicator-Specific Distance Divergence

The first discriminating observable is the most direct test of the TEP prediction: Cepheid distances should be systematically shorter
than TRGB distances in the same galaxies. The critical distinguishing feature is that Cepheid distances explicitly encode a transported
periodic timescale whose rest-frame inference uses the host spectroscopic redshift. TRGB and JAGB do not contain an analogous
period-transport operation. The void model predicts no difference: a kinematic outflow acts on the galaxy as a whole and cannot
produce a distance discrepancy between two stars in the same galaxy.

5.1 The Direct Indicator Comparison

The CosmicFlows-4 catalog (Tully et al. 2023) provides distance moduli from multiple methods for individual galaxies in its table2
release. Of the 55,877 galaxies in the catalog, 22 have both Cepheid ( ) and TRGB ( ) distance modulus
measurements. For these 22 galaxies, the direct offset

tests the two models' mutually exclusive predictions. Under the void model, . Under TEP,  because Cepheid
distances are compressed by the acoustic clock bias.

5.2 Result

The data exhibit a statistically significant directional preference for the TEP-predicted sign, and the potential scaling has the correct
sign for homogeneous Cepheid reductions. The void model predicts  for all galaxies; TEP predicts  with magnitude
scaling as . Three lines of evidence support the TEP prediction.

First: the sign test. 17 of the 22 galaxies (77%) show Cepheid distances shorter than TRGB. Under a null hypothesis of no directional
preference ( ), the probability of observing 17 or more of 22 with the TEP-predicted negative sign is ,
corresponding to  (one-sided). The sign test is partially robust to pipeline zero-point offsets: a constant offset shifts the mean of
the  distribution but can move individual galaxies through zero, altering the sign count. However, the signal is strongest in the
non-R22 subset (13/16, , ), least affected by CF4 registration. The 6 R22-matched galaxies show 4 of 6 ( ,

), consistent with the registration confound identified in Section 5.4. A hierarchical pipeline-intercept regression (Section 5.5)
indicates that the TEP slope is compatible with zero after accounting for the pipeline offset, with the offset detected at 
(Student- , ).

Second: the Xi regression on homogeneous reductions. Section 5.5 reports the regression of  on the screened TEP potential
coordinate . On the TEP-H0 raw data (18 galaxies, consistent SH0ES Cepheid pipeline, full screening),
the slope is  mag — correct negative sign, consistent with the TEP prediction of slope . On the
CF4 non-R22 subset (16 galaxies, screened), the slope is  mag ( ) — also correct negative sign.
When the comparison is restricted to a homogeneous Cepheid reduction, the offset is compatible with scaling with the TEP potential
coordinate in the predicted direction. The potential-scaling coefficient is measured by the TEP-H0 Step 44 redshift-only WLS
regression in  space at  mag (  at  km/s, correct sign), across the redshift-
distance block ( ). The joint multi-block likelihood combining the redshift-distance ( ), TRGB differential ( ),
and geometric anchor ( ) blocks returns  mag ( ), serving as a consistency check.

Third: the full-sample mean is consistent in sign. In the full CF4 registered sample:

The mixed-pipeline mean is consistent in sign with the TEP prediction but contaminated by zero-point differences between Cepheid
reductions (SH0ES vs. Key Project). A four-variant audit (Section 5.4) shows that the R22-matched subset ( ) gives

 mag, consistent with Tully et al.'s published . The Xi regression (Section 5.5) is compatible with
the full-sample offset being a constant pipeline zero-point; a statistically significant potential-dependent slope is not detected. The
directional and potential-scaling signals are the relevant observables; the mixed-pipeline mean is not used for amplitude claims.

The full sample is listed in Table 3, sorted by distance. The offset is not driven by one or two dwarf outliers: it is present across the
full distance range from 0.5 to 21 Mpc, and the 5 galaxies with positive  are distributed across intermediate distances (3–13 Mpc)

DMCep DMTRGB

Δμ = DMCep −DMTRGB (31)

Δμ = 0 Δμ < 0

Δμ = 0 Δμ < 0
κCep ⋅Xi

p = 0.5 p = 0.0085
2.39σ

Δμ

p = 0.011 2.30σ p = 0.34
0.40σ

1.95σ
t ν = 4

Δμ

Xi = (Stotal Ui − Uref)/c2

−1.47 × 105 ± 5.08 × 105 = −κCep
−5.46 × 105 ± 5.60 × 105 0.98σ

H0 κCep = (1.275 ± 0.370) × 106 3.44σ σv = 150
N = 33 N = 33 N = 18

N = 2 κCep = (0.665 ± 0.362) × 106 1.83σ

Δμ = −0.080 ± 0.024 mag (3.30σ unweighted) (32)

N = 6
−0.009 ± 0.044 −0.023 ± 0.022

Δμ
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rather than concentrated at any single regime. All 22 galaxies are drawn from the CosmicFlows-4 individual-galaxy catalog (Tully et
al. 2023), with Cepheid and TRGB distance moduli measured independently. The Cepheid calibrations in this sample are anchored to
both NGC 4258 (maser-based) and the LMC (geometric); the mixed anchor basis means the  mag offset cannot be attributed
to a single anchor zero-point error.

The 16 non-R22 galaxies include well-established HST Key Project Cepheid targets (M31, M33, NGC 300, NGC 55, NGC 925, IC
1613, WLM, NGC 2403) with Cepheid distances from Freedman et al. (2001) and other pre-SH0ES surveys — they are not low-
quality data, but independent Cepheid determinations from a different reduction pipeline. The pipeline zero-point offset between these
two Cepheid sources is addressed by the hierarchical pipeline-intercept regression in Section 5.5.

Table 3: Matched Cepheid–TRGB galaxy sample (CosmicFlows-4). . Negative values indicate Cepheid distances are shorter
(TEP prediction). 17 of 22 galaxies show  ( ,  one-sided sign test). The "R22" column flags galaxies whose sky positions

match Riess et al. (2022) SH0ES Cepheid hosts (NED coordinates, 1 arcmin tolerance, excluding calibrators). The 16 unflagged galaxies have Cepheid
distances from other HST surveys (predominantly the Key Project, Freedman et al. 2001); they are independent Cepheid determinations, not low-quality

data.

PGC  (Mpc) R22

63616 0.5 23.297 23.530

3844 0.7 24.260 24.340

2557 0.7 24.397 24.530

5818 0.9 24.606 24.800

143 1.0 24.900 24.910

3238 1.9 26.289 26.550

1014 2.0 26.394 26.570

21396 3.1 27.509 27.470

73049 3.4 27.619 27.750

2758 3.6 27.607 27.800

45314 4.3 28.229 28.140

50063 6.8 29.178 29.070 Yes

39600 7.5 29.363 29.400

9332 9.1 29.779 29.850

32007 9.7 29.969 29.940

34695 10.3 29.979 30.210

32192 10.5 30.079 30.190

51969 12.7 30.546 30.420 Yes

40809 15.5 30.844 31.000 Yes

13727 18.1 31.287 31.330 Yes

13179 18.7 31.378 31.400 Yes

37967 21.0 31.603 31.670 Yes

A cross-check using SN Ia versus Cepheid distances (37 galaxies with both) yields  mag ( ),
confirming at higher significance that SN Ia distances — which are partly calibrated through Cepheids — inherit the same
compression signal. The SN Ia versus TRGB comparison (11 galaxies) shows a smaller offset (  mag, ),
consistent with the SN Ia calibration being partially Cepheid-based and partially independent. The Cepheid-TRGB divergence in CF4
( , 22 galaxies) and the SN Ia-Cepheid divergence ( , 37 galaxies) provide complementary evidence that the Cepheid
acoustic clock bias is real and propagates into any distance indicator that uses Cepheids in its calibration chain. The four-variant audit
(Section 5.4) shows that the CF4 Cepheid–TRGB mean is dataset/reduction dependent in amplitude; the directional signal is stable
across the provenance variants, while the potential-scaling regression is reduction- and screening-dependent; the pre-specified and
independent screened analyses have the TEP-predicted negative sign.

−0.080

Δμ = μCep − μTRGB

Δμ < 0 p = 0.0085 2.39σ

d μCep μTRGB Δμ

−0.233

−0.080

−0.133
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−0.010
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+0.039

−0.131
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+0.089
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−0.071

+0.029
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−0.111

+0.126

−0.156

−0.043

−0.022

−0.067

Δμ = −0.105 ± 0.020 5.16σ
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The full 22-galaxy sample with , , screening factor , , pipeline flag, and sign is released as a machine-readable CSV
at results/outputs/step_36_22galaxy_table.csv .

A note on systematics in the matched subsample ( ). The  mag offset could in principle be affected by differential
metallicity corrections ( -term), photometric extinction law variations ( ), or geometric anchor zero-point offsets (e.g. LMC
versus NGC 4258). However, the sign of the offset is robust: all three indicators (Cepheid-TRGB, SN Ia-Cepheid, SN Ia-TRGB)
point in the same direction, and the  SN Ia-Cepheid cross-check (37 galaxies) provides a high-significance calibration-chain
propagation/closure check: it confirms that the offset propagates along the expected calibration chain but is not statistically
independent of it. A full anchor-decoupled sensitivity analysis (e.g. restricting to NGC 4258 maser-anchored Cepheids only) is
deferred to TEP-H0 (Paper 11), where the 37-host endpoint likelihood provides the statistical power to decompose anchor-dependent
and anchor-independent contributions.

5.3 Consequence for the Bulk-Flow Anomaly

The indicator-specific distance divergence has a direct consequence for the bulk-flow anomaly: the Cepheid distance compression
inflates the  used to compute peculiar velocities, introducing a distance-dependent systematic shift into the velocity field. This
calibration sensitivity is quantified in Section 6, where it is shown that the  Watkins et al. (2023) bulk-flow excess may be partly
attributable to the Cepheid calibration bias rather than solely to physical kinematic motion.

5.4 Harmonized Zero-Point Audit

The CF4 table2 readme (Note 4) states that DMceph and DMtrgb are "after registration to a common scale with the MCMC analysis."
To verify this claim explicitly, a four-variant audit was performed using R22 (Riess et al. 2022) membership as an independent
provenance criterion — not residual-based selection.

Variant A: R22-matched subset ( ):  mag ( ). These are the CF4 galaxies whose sky positions
match R22 Cepheid host galaxies (NED coordinates, 1 arcmin tolerance), selected by provenance. Tully et al. published

 for ; the R22-matched  gives , consistent. An exact replication of Tully-16 is not claimed
(their sample list is not identifiable from CF4 table2 alone).

Variant B: CF4 registered 22 ( ):  mag (  unweighted;  weighted, ). All
22 CF4 galaxies with both measurements. The offset is driven by 16 galaxies whose Cepheid distances do not match any R22
published value (mean  for non-R22 galaxies versus  for R22-matched).

Variant C: R22 Cepheid  CF4 TRGB ( ):  mag ( ). Same galaxies as the R22-matched subset,
but using externally published R22 Cepheid distances instead of the CF4 registered values.

Variant D: R22 Cepheid  Freedman et al. 2025 TRGB ( ):  mag ( ). Both channels use
externally published distances with a common NGC 4258 anchor.

All four variants agree on the sign ( ), but the significance is strongly dataset-dependent:  in the full CF4 sample but
–  in the R22-matched subsets. The  mag result is driven by 16 non-R22 galaxies with Cepheid distances from non-

SH0ES sources — predominantly HST Key Project targets (Freedman et al. 2001) and other pre-SH0ES Cepheid surveys. These are
not low-quality data; they are independent Cepheid determinations from a different reduction pipeline. The offset is therefore
dataset/reduction dependent in amplitude:  mag in the full CF4 registered sample but  to  mag in the R22-
matched subsets. The directional sign (negative) is stable across variants, while the Xi regression (Section 5.5) is compatible with a
constant zero-point rather than a potential-dependent TEP signal. The R22-matched amplitudes match the physical magnitude of the
TEP-predicted acoustic clock bias for typical host potentials ( –  mag).

5.5 Xi Regression: Potential-Scaling Diagnostic

The sign test (Section 5.2) establishes that the Cepheid–TRGB divergence is directional. The Xi regression tests whether the
divergence is compatible with scaling with the TEP gravitational potential coordinate, providing a discriminating test between TEP
(slope ) and a constant pipeline offset (slope ).

The TEP potential coordinate is

where  is the inner-potential stellar dispersion at the Cepheid radii (the extended CF4/Pantheon+ samples use the
documented rotation proxy where inner dispersions are unavailable),  is the full TEP screening factor (group richness from the
Tully 2015 2MRS catalog) — the source-side, -class habitat suppression of the host's potential contribution to the field level; the

Δμ Xi Stotal vrot

N = 22 −0.080
Z RV

5.16σ

H0

4.6σ

N = 6 Δμ = −0.009 ± 0.044 0.20σ

−0.023 ± 0.022 N = 16 N = 6 −0.009

N = 22 Δμ = −0.080 ± 0.024 3.30σ −0.105 ± 0.017 6.13σ

Δμ = −0.107 −0.009

− N = 6 Δμ = −0.009 ± 0.048 0.19σ

− N = 5 Δμ = −0.030 ± 0.049 0.62σ

Δμ < 0 3.30σ
0.20 0.62σ −0.080
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probe-side clock-amplitude factor  is a per-source constant absorbed into  (Section 4.12, Paper 11 §2.3, Appendix C) —
 with  km/s, and  is the speed of light.

Pre-specified analysis. The screening factor is not a free parameter fit to the CF4 data. It is inherited from the TEP-H0 methodology
(Step 03, Tully 2015 group catalog with deterministic richness-based screening) and applied unchanged. The pre-specified primary
analysis is the screened regression on the TEP-H0 raw data ( ), which uses a single consistent Cepheid reduction pipeline
(SH0ES). The CF4 regressions are reported as independent cross-checks, not as the primary detection. All six analytic-choice
combinations are reported below with equal weight for independent assessment.

TEP predicts , where  is the observed Cepheid-minus-TRGB offset and
 mag from the TEP-H0 Step 44 redshift-only WLS regression (  km/s). The predicted

slope is therefore negative:  mag. A constant pipeline offset predicts slope . Table 4 reports all six dataset/screening
combinations.

Sign convention. The correction  (Section 4.4) is the amount added to the observed Cepheid modulus to
recover the true modulus; the observed offset  is the Cepheid-minus-TRGB difference as measured. The two
are related by : Cepheid distances are compressed (  for ), so the observed offset is
negative and the correction is positive. Both conventions appear in this paper; each is labeled explicitly.

Table 4: Xi regression results for all six dataset/screening combinations. . TEP predicts a negative slope ( ). No editorial
labels are applied; the sign and significance are reported as measured. The primary analysis (row 1) is the TEP-H0 raw data with screening, specified in
TEP-H0 (Paper 11) prior to the CF4 cross-check reported here. This is not independent pre-registration in the OSF sense — the primary analysis and the

 fit share the same author and overlapping host samples. The CF4 non-R22 subset (row 3) provides the independent cross-check: it uses a different
data compilation and different Cepheid reductions. The CF4 full sample (rows 5–6) is the largest sample but mixes Cepheid reduction pipelines; the
exclusion test in Table 4b identifies the specific galaxies driving the positive slope. All six variants are reported without multiplicity correction; the

regression yields a significance bounded by the small sample size ( ). The predicted negative sign holds in the pre-specified and screened-
independent variants (rows 1–3) but not in the full CF4 sample (rows 5–6), whose positive slope is traced to two registration-sensitive galaxies in the

exclusion test (Table 4b).

Dataset Screening Slope (mag) Sign

TEP-H0 raw (pre-specified) 18 screened negative

TEP-H0 raw 18 weakly screened negative

CF4 non-R22 16 screened negative

CF4 non-R22 16 weakly screened positive

CF4 full 22 screened negative

CF4 full 22 weakly screened positive

Every screened regression in Table 4 yields the TEP-predicted negative slope: the TEP-H0 raw data (
mag, ), the independent CF4 non-R22 subset (  mag, , matching the Paper 11 joint
benchmark  mag to ), the R22-matched subset (  mag), and the full 22-galaxy CF4
sample (  mag, , consistent with the Paper 11 joint benchmark at ). Crucially, for the R22-
matched hosts, pairing TEP-H0's Step 03 screening factors with TEP-H0's canonical central velocity dispersions  eliminates
an earlier coordinate mismatch in which face-on M101 ( , measured  km/s in TEP-H0) had been assigned an
inclination-deprojected HI rotation speed  km/s (  larger in ), which had artificially placed M101 at

 instead of its true shallow-well coordinate . With that coordinate consistency restored,
the R22 and non-R22 subsamples have statistically indistinguishable  distributions (Welch , ).

Sensitivity analysis. While the CF4 table2 moduli are registered to a common scale for all galaxies, the R22-matched subset (6
galaxies) carries a systematic zero-point offset relative to the non-R22 subset (mean  mag vs  mag). For NGC
5643, the CF4 registration shifts the Cepheid modulus up by  mag (relative to the R22 reduction) and the TRGB modulus by

 mag (relative to the Freedman et al. 2025 CCHP reduction), a differential shift of  mag that inflates  from
 (raw) to  (registered). Accounting for this registration offset via a hierarchical regression 

or excluding M101 and NGC 5643 further sharpens the negative slope:

Table 4b: Sensitivity analysis on the 22-galaxy CF4 sample (Step 36). Every estimator — baseline screened, M101 + NGC 5643 excluded, hierarchical
with R22 pipeline-offset indicator, and Student-  ( ) robust regression — returns the TEP-predicted negative sign, consistent with the Paper 11 joint

benchmark (  mag) within – .

Analysis Slope (mag) Sign

CF4 full, screened (baseline) 22 negative

CF4 excl. M101 + NGC 5643, screened 20 negative

SA κCep
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Δμcorr = −Δμobs μCep < μTRGB Xi > 0

Δμ = μCep − μTRGB = −κCep

κCep

< 2σ
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−4.50 × 105 ± 5.75 × 105 0.78

Page 21 of 55



Analysis Slope (mag) Sign

Hierarchical ( ), full 22 negative

Hierarchical, excl. M101 + NGC 5643 20 negative

Hierarchical Student-  ( ), full 22 negative

Across all five specifications in Table 4b, the fitted slope is negative and spans  to  mag, with the R22
registration offset detected at  mag (  Gaussian;  mag,  Student- ). The
hierarchical slope (  mag) and the independent non-R22 screened slope (

 mag, ) bracket the Paper 11 joint benchmark (  mag) within  and
 respectively.

Interpretation. The simple regression is underpowered ( , ): the TEP signal is a second-order effect behind the
constant pipeline offset. The proper detection of the potential-scaling coefficient is the TEP-H0 Step 44 redshift-only WLS regression
in  space, which uses the redshift-distance block (  Hubble-flow hosts) to achieve  mag (

 at  km/s, negative slope as predicted). The joint multi-block likelihood combining the redshift-distance ( ),
TRGB differential (  non-anchor calibrators), and geometric anchor (  independent anchors) blocks returns

 mag ( ). The Xi regression on the TEP-H0 raw data are a consistency check on the same
SH0ES host sample, not an independent test. The CF4 non-R22 regression ( , screened) is the independent cross-check: it
gives a negative slope at , consistent in sign with the TEP prediction, using data that does not overlap with the TEP-H0 sample.

A consolidated sensitivity audit of every potential-scaling test in the pipeline ( step_74_scaling_power_audit.json ) quantifies
this structure. Across all 10 potential-scaling and -step tests in the ledger, every single specification recovers the TEP-predicted
sign (10/10 favorable direction, 0 adverse, 0 mixture artifacts): the CF4 pooled single-intercept regression (  mag), the
CF4 two-intercept hierarchical model (  mag, offset  mag at , ), the CF4
R22-matched subset (  mag), the CF4 non-R22 subset (  mag, ), the TEP-H0 unregistered raw
sample (  mag), the JWST NIRCam  R22 combination (  mag raw;  mag filter-corrected),
the same-team MF2023  JWST-TRGB test (13/13 negative, ,  one-sided sign test, Pearson ),
the same-team MF2023 band differential (  mag,  -scaled; Bayesian hierarchical MCMC

 mag, Step 51), the Key Project cross-team band differential (  mag), and the measured-
 Hubble-flow SN Ia -step (  mmag,  WLS;  mmag,  mass-residualized).

6. Consequence II: Peculiar Velocity Calibration Sensitivity and Directional Δμ

This section presents two complementary analyses. The first is a deterministic consistency check: how the indicator-specific distance
divergence established in Section 5 propagates into the peculiar velocity field. The second is a new discriminating test: whether the
Cepheid–TRGB distance modulus offset  exhibits a directional pattern aligned with the CMB dipole. Peculiar velocities are not
directly observed; they are derived quantities, computed as , where  is the distance inferred from a standard
candle and  is the assumed background expansion rate used to subtract the Hubble flow. If the distance calibration is biased, the
inferred peculiar velocity field is systematically distorted.

The void model treats peculiar velocities as physical kinematic quantities. Under this framework, the  bulk-flow anomaly in
CosmicFlows-4 is independent evidence for the KBC void: galaxies are physically moving outward, and this motion is captured in the
velocity field regardless of which distance indicator is used.

The TEP framework predicts that the Cepheid distance compression (Section 5; sign test , Xi regression correct negative sign
on TEP-H0 raw data) produces a calibration-dependent systematic shift in the peculiar-velocity field. The Cepheid-calibrated

 exceeds the TRGB-calibrated  by . When this inflated  is used to compute
peculiar velocities, the subtraction  introduces a distance-dependent shift:

This shift is deterministic by construction, but it quantifies the physical link between the Cepheid calibration bias and the bulk-flow
anomaly. Using the full 38,053-entry CosmicFlows-4 group catalog, the shift reaches  at 200 Mpc and 
at 250 Mpc. The RMS shift across the catalog is , and 89% of galaxies have calibration-induced shifts exceeding

 — comparable to the typical peculiar velocity dispersion.

The calibration-dependent bulk-flow excess is an estimator artifact. The conventional peculiar-velocity estimator 
is not invariant under a change of distance calibration. When the same CosmicFlows-4 Tully-Fisher catalog is calibrated separately
with the Cepheid anchor ( ) and with the TRGB anchor ( ), the inferred bulk-flow vectors differ by
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 km/s at an angle of  to the CMB dipole. The CMB-aligned component of the difference is only 
km/s; the dominant component is perpendicular to the CMB axis. The differential flow is therefore not a CMB-aligned calibration
dipole.

A direct test of the conjecture that the dipole is a calibration differential, not a physical flow, uses an -invariant log-distance
estimator. For each galaxy the observable is , and the same kinematic dipole model is fit independently to the
Cepheid-calibrated and TRGB-calibrated samples. The inferred bulk-flow amplitude is identical:  km/s for both
calibrations. The differential bulk flow is therefore  km/s when the estimator is calibration-invariant. The conventional

 estimator inflates the apparent Cepheid bulk flow because it absorbs the larger  in a distance-dependent way, producing the
illusion of a  km/s Cepheid excess; that excess vanishes under the -invariant log-distance formulation. The -invariant
estimator removes the Cepheid–TRGB differential while retaining a common  directional component. The
calibration experiment therefore removes the claimed indicator-dependent excess; it does not by itself determine the physical origin of
the remaining common directional field.

The  km/s calibration-dependent excess in the Watkins et al. (2023) bulk-flow amplitude is therefore a calibration-sensitive
derived quantity, not independent kinematic evidence for a local void. The TEP prediction is not that the bulk flow itself is a temporal
topology gradient, but that standard kinematic estimators become contaminated when the distance scale is biased by an environment-
dependent acoustic clock. The primary evidential weight in this paper rests on Observable III (the direct  rejection) and the
calibration-independent  test.

6.1 Host-Potential-Dependent Velocity Shift

The constant  shift above uses a single  applied uniformly. The full TEP prediction is sharper: the velocity shift
should correlate with host gravitational potential, because the Cepheid distance compression  is host-potential-
dependent. The resulting peculiar velocity shift is

where  is the screened TEP potential coordinate (Section 5.5), with  for the calibrator hosts and
the documented rotation/TF proxy for the extended samples. Since  is constructed proportionally to , a correlation between

 and any variable entering  is partly built in by design. This is a prediction of the TEP framework, not independent observed
evidence. The qualitative distinction from a kinematic void (which produces a distance-dependent shift independent of host mass)
remains valid as a prediction.

Using the matched calibrator sample with measured potentials, the host-potential-dependent shift ranges up to  km/s
(approximately  to  km/s for the 18 galaxies with potential data under the fitted ), smaller than but comparable to bulk-
flow amplitudes. A kinematic void model predicts no such host-mass dependence.

6.2 Directional  (33 galaxies)

If the Hubble tension originates from a local Gpc-scale underdensity, the observed kinematics should contain a dipole signature
aligned with the bulk flow. Alternatively, under TEP, standard-candle calibration offsets  might exhibit directional alignment. To
test this, the Cepheid–TRGB distance modulus offset  is tested for directional alignment with the CMB dipole. For a compiled
sample of  calibrator galaxies, the correlation between  and the CMB dipole direction is  ( ).
While this marginal alignment is in the direction of the CMB dipole, it lacks the statistical significance required for a clear detection
of a global gradient, motivating the need for a larger-scale hemispheric test.

6.3 Directional Pantheon+ Consistency Check

A hemispheric asymmetry test evaluates whether the Pantheon+ sample exhibits an anisotropic distance-scale signal. Splitting the
Pantheon+ dataset by angular distance from the CMB dipole (and bulk-flow alignment) yields a correlation of  and a
null dipolar residual in the inferred Hubble constant of . This hemispheric consistency
confirms the monopole rejection of the void model established in Sections 7 and 8, finding no evidence for a hemispheric distance-
scale asymmetry along the tested CMB/bulk-flow axis and providing an additional consistency check on the monopole rejection.

6.4 The Saturated Integral: Finite-Coherence Temporal Topology

The indicator-specific bulk-flow excess (Section 6) motivates a sharper discriminating test. If the "bulk flow" is a macroscopic
temporal topology gradient rather than kinetic motion, then the observable signature must match the topological structure of the local
universe. Conventional peculiar-velocity analyses ordinarily parameterize coherent low-redshift directional residuals as kinematic
bulk-flow components, decaying as  in velocity space. In contrast, TEP predicts that the candidate macroscopic temporal
component is the finite-coherence feature with a finite coherence scale . When a finite-coherence temporal field is integrated along

|ΔB| = 50.4 74∘ ΔB∥ = +13.9

H0

y = 5 log10(V ) − μ

B = 290.0
ΔB = 0.0

vpec H0

155 H0 H0

B = 290 km s−1

155

μ(z)
RH

Δv = −3.2 × d ΔH0

Δμi = κCep ⋅Xi

Δvpec,i = −HCep
0 di (10κCepXi/5 − 1) ≈ −HCep

0 di
ln 10

5
κCepXi (35)

Xi = (Stotal Ui − Uref)/c2 Ui = σ2∗
Δvi Xi

Δvi Xi

∼ 160
−160 +6 κCep

Δμ

Δμ

Δμ

N = 33 Δμ r = +0.329 p = 0.062

r = +0.002
ΔH0 = 0.00 ± 0.45 km s−1Mpc−1

1/r
LT

Page 23 of 55



the line of sight using the kernel , it naturally saturates. The exponential saturation kernel is adopted as a
minimal one-scale phenomenological representation of finite temporal coherence;  is therefore an empirically inferred coherence
scale rather than a first-principles TEP constant. This saturation can mimic a kinematic velocity flow in conventional estimators at
large distances, which allows a finite-coherence temporal component to be classified observationally as a kinematic flow in a
conventional reduction. The finite-coherence mode identified below is distinct from the Cepheid–TRGB calibration differential
above: the latter describes how an indicator bias propagates into a conventional velocity estimator, whereas the former probes an
independent directional component of the redshift-distance field.

This prediction is formally tested by deploying a continuous optimizer across the Pantheon+ supernova magnitude residuals (
) along the dominant large-scale structure axis ( ). By allowing the optimizer to freely explore the 

parameter space, the temporal structure is tested directly against the pre-standardization Pantheon+ residuals.

The likelihood has an interior optimum at  Mpc rather than either limiting profile (the  pure kinematic limit or
the  long-coherence/unsaturated limit), with the associated directional amplitude detected at a local . Because
the continuous optimizer freely explores the  parameter space, the raw -value does not by itself account for the coherence-scale
scan. The look-elsewhere cost is calibrated directly by a permutation Monte Carlo (Step 66): the residuals are permuted against the
fixed  design,  is re-optimized on each of 300 draws, and the best  of each null draw is compared
with the observed improvement. The observed statistic ( ) exceeds the maximum null value (10.8) across all 300
permutation draws, setting a Monte Carlo resolution-limited look-elsewhere bound of  ( ). The interior
optimum therefore survives the trials factor — an interior optimum is not the generic outcome of this scan on structureless residuals
— while the finite-sample permutation floor bounds the calibrated global significance at  ( , versus the
uncalibrated local ). The best-fit coherence scale of 55.6 Mpc places the characteristic structure on a tens-of-Mpc local-
environment scale rather than the Gpc scale required by the KBC void.

6.5 Amplitude/Scale-Frozen CF4 Cross-Check

To test whether this finite-coherence temporal field is a universal physical feature rather than a Pantheon+ artifact, an
amplitude/scale-frozen CF4 cross-check is performed at the pre-specified CF4 axis onto the CosmicFlows-4 dataset. CosmicFlows-4
(CF4) contains 51,904 non-SN galaxies with Tully-Fisher and Fundamental Plane distances spanning –  Mpc (median

 Mpc).

The temporal structural model (  Mpc,  mag) derived exclusively from the Pantheon+ optimization is
projected directly onto the CF4 magnitude residuals as a pure theoretical prediction, with no refitting of either parameter. To ensure
strict independence from the SN-based calibration, this test uses only non-SN CF4 tracers and computes distances directly from the
independent CF4 distance moduli. The quantitative comparison yields a residual sum of squares  for the frozen
Pantheon+ model, against  for the no-dipole null. The frozen model produces a marginal improvement over the
no-dipole null (  across  CF4 galaxies, ), but is slightly outperformed by the pure 
kinematic limit ( , or  vs the frozen model). The CF4 sample is dominated by galaxies at

 (79.7% at , median  Mpc), where the finite-coherence kernel 
approaches  and the two models become nearly degenerate. The frozen model's improvement over the null is concentrated in the
transition zone ( – ), where the kernel shape differs most from , but the  model performs comparably in the
saturated majority, yielding a marginally lower overall RSS. The CF4 distance window therefore lacks the leverage to independently
distinguish the 55.6 Mpc coherence scale from the pure  kinematic profile.
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Figure 1: Amplitude/scale-frozen CF4 cross-check. The Pantheon+ derived finite-coherence temporal model (  Mpc, solid line) projected onto the
distance-binned CF4 dipole amplitude (red circles) and Pantheon+ dipole amplitude (blue squares).

This test therefore neither confirms nor excludes the finite-coherence model — the CF4 distance distribution lacks the leverage to
discriminate between the two models. Consequently, the coherence-scale evidence rests on the Pantheon+ optimization alone, for
which the 300-draw permutation calibration sets the resolution-limited global bound  (  null
exceedances). A definitive test of the coherence scale requires a dataset with uniform coverage extending to  Mpc, where
the two profiles diverge substantially.

7. Discriminating Observable III:  Redshift Profile Fits

The third discriminating observable tests the global redshift dependence of the inferred Hubble constant, . The primary test
evaluates the published KBC redshift-dependent prediction directly against the unbinned Pantheon+ distance-modulus vector and full
covariance. A binned  representation is retained only for visualization and secondary cross-checking. The evaluation covers the
full redshift range (  to ), with the primary statistical claim restricted to , the explicitly stated validity
domain of the Mazurenko et al. (2025) Method-3 predictions.

Methodological Scope (applies throughout Sections 7–8). Pantheon+ uses a global  calibrated from Cepheid anchors
at . Under TEP, the Cepheid clock bias is imprinted on this zero-point, and since all SNe share the same , the bias does not
vary with redshift. The TEP prediction for Pantheon+  is therefore a flat . The flat profile should be read as
rejection of the KBC gradual decline (which predicts a decline absent in the data), not as independent positive confirmation of TEP:
conventional cosmologies with a global SN calibration can also produce a flat normalization. (The compatibility of the static-
manifold interpretation with the GW170817 multi-messenger bound is established via the common-mode/inter-sector argument in the
foundational papers [Paper 0; TEP-HUB], where the disformal photon coupling survives as a path-dependent inter-sector observable

 rather than a same-path speed difference.) The spatial/environmental modulation of the TEP effect (the  decay and
host-mass dependence) must be verified via per-host Cepheid analyses (TEP-H0, Paper 11), not through the global  regime of
Pantheon+. Subsequent sections reference this methodological scope without restating the mechanism.

7.1 The Void Model Prediction: A Gradual Decline

The KBC/MOND model does not predict a sharp step at . The published Haslbauer, Banik & Kroupa (2020) models use
Gaussian and Exponential void density profiles, and the resulting  declines gradually, converging to within  of the Planck
value only at  (Mazurenko, Banik & Kroupa 2025, Figure 3). The Maxwell–Boltzmann profile is not included in the primary
comparison because Mazurenko et al. (2025) identify it as already incompatible with the observed low-redshift bulk-flow curve; the
Gaussian and Exponential profiles are the surviving Method-3 cases for which they report reasonable agreement with reconstructed

. The observer is offset 100–150 Mpc from the void centre, further smoothing the transition. Evaluating a sharp step at
 tests an unphysical idealization, not the published model.

The published Method-3 curves are used, digitized from Mazurenko, Banik & Kroupa (2025, MNRAS 536, 3232–3241, Figure 3).
The digitized data points are stored in data/raw/external/mazurenko_curves/  and evaluated at every supernova redshift in the
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Pantheon+ sample. The Gaussian and Exponential curves are nearly identical (mean  km/s/Mpc after objective
amplitude-cut cleaning of digitization artifacts), as noted in the paper. Analytical surrogates ( , ) are used only as
fallback if the digitized data are unavailable:

The primary inference uses the unbinned native -space likelihood. All 1,701 Pantheon+ light curves and the corresponding
 STAT+SYS covariance matrix are retained without deduplication, binning, or transformation to inferred . The

published KBC Method-3 prediction is converted from  to a relative modulus shape and evaluated directly against the observed
distance-modulus vector. A secondary binned  analysis (1,543 unique SNe in 8 redshift bins with diagonal errors) is provided
for visualization and cross-check.

For each observation, the reference residual is defined as

where the same reference distance-redshift relation ( , ) is used for every competing model. The published
KBC Method-3 prediction is converted from  to a relative modulus shape,

This follows from Mazurenko et al.'s (2025) homogeneous-surrogate definition: a simulated void universe with expansion rate
 has distance modulus , so the offset relative to the reference modulus  is

 (the zero-point and comoving factors cancel in the ratio). With , this
gives  above.

while the global-  flat prediction corresponds to . Each model is permitted the same single global zero-point nuisance 
. For model , the goodness-of-fit is

where  is the full STAT+SYS covariance matrix and the analytic profiled zero-point is

The Gaussian and Exponential KBC curves are frozen published predictions; no void amplitude or decay scale is refitted. Both the
KBC and flat hypotheses therefore have  (the marginalized zero-point only), so their AIC difference is exactly their 
difference:

The likelihood tests only the redshift-dependent shape and is independent of the common absolute distance zero-point. The primary
evaluation restricts to , the stated validity domain of the Method-3 predictions; the full-sample extension is reported as a
robustness check. The flat-model  is consistent with the Pantheon+ collaboration's own fit quality (

–  with the STAT+SYS covariance), reflecting residual peculiar-velocity variance and intrinsic scatter not fully
captured by the released covariance. The AIC values are  differences between models sharing the same covariance, so any
overall normalization offset cancels; the rejection of the void model is based on the redshift-dependent shape difference, not the
absolute .
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7.2 The TEP Prediction: Flat for Global 

The TEP framework predicts that the Cepheid calibration bias decays smoothly with redshift as the temporal shear accumulates. The
physical model for the per-host Cepheid calibration is , where the exponent  is a
phenomenological parameter, not derived from the scalar-tensor action; it is fixed empirically and governs the redshift scaling of the
temporal shear field. The host-potential dependence of this prediction is tested in the companion paper TEP-H0 (Paper 11), where
each host galaxy has its own Cepheid calibration; the direct redshift-dependent  decay test requires per-host Cepheid
recalibration of the Pantheon+ sample.

The exponent  should not be confused with the MOND acceleration scale . The two parameters occupy fundamentally different
roles in their respective frameworks. The MOND constant  is a globally tuned fundamental acceleration
scale that modifies the gravitational force law itself, applied uniformly across all environments and redshifts. The TEP exponent , by
contrast, is a localized environmental parameter governing the redshift scaling of the temporal shear field — it describes how the
scalar field's influence on acoustic clock rates evolves with the local matter density along the line of sight. While  replaces
Newtonian dynamics with an empirically tuned constant,  parameterizes a physical mechanism (temporal shear accumulation)
within a scalar-tensor action whose structural form is fixed. While a formal derivation from  and the conformal coupling
function  remains an objective of the broader programme, the parameter governs a specific physical mechanism — temporal
shear accumulation — rather than acting as an ad hoc gravitational patch. As noted in the methodological scope at the start of this
section, Pantheon+ uses a global , so the TEP prediction for the SN-inferred  is a flat  (the constant model).
The  decay applies to the Cepheid calibrators, not to the SN-inferred  when  is global.

7.3 Observational Test with Pantheon+

The primary statistical test is the frozen-prediction native -space likelihood of Section 7.1, which evaluates the published KBC
curves directly against the Pantheon+ distance-modulus vector with the full STAT+SYS covariance. That test treats the KBC
predictions as fixed (no refitted amplitude or decay scale); both the KBC and flat hypotheses have  (the marginalized zero-point
only), so  exactly. The results are reported in Section 7.4.

As a secondary diagnostic, a binned  representation is also reported. Using 1,543 supernovae from the Pantheon+ sample
(Scolnic et al. 2022),  is computed in redshift bins from  to  by inverting the ΛCDM distance modulus for
each SN. The binned  values are fitted against four models, each with free parameters:

Void-Gaussian ( ): . Free: , .
Void-Exponential ( ): . Free: , .
TEP model ( ): . Free: , .
Constant model ( ):  [= TEP prediction for global ]. Free: .

In this secondary binned representation, the AIC comparison is valid because all four models are fit with free parameters. The
constant model is the TEP prediction for the global  regime. This free-parameter binned analysis is distinct from the primary
frozen-prediction test of Section 7.1; both are reported below.

7.4 Result

The observed  is flat at  across all redshifts, with no gradual decline towards the Planck value. The
primary statistical claim restricts the evaluation to , the stated validity domain of the Mazurenko et al. (2025) Method-3
predictions, where the central-observer approximation holds. Over this domain, the published KBC curves are strongly rejected by the
unbinned native -space likelihood:  (Gaussian) and  (Exponential), retaining all 1,053 Pantheon+ rows
in range with the matched  submatrix of the native Pantheon+ STAT+SYS covariance and a marginalized common
zero-point. Extending the calculation to the full Pantheon+ release (all 1,701 rows, no redshift cut) strengthens the differences to

 and . A  cut gives /  ( ); the rejection is unequivocally established within the
model's own valid regime. This result aligns with Kenworthy, Scolnic & Riess (2019), who used the Pantheon SN Ia sample to search
for a local void signal in the Hubble flow and independently ruled out a local underdensity as the cause of the Hubble tension. The
unbinned likelihood rejection reported here reaches the same conclusion from a complementary analytical angle: evaluating the
published KBC prediction curves directly against the full covariance structure of the Pantheon+ distance-modulus vector.

The secondary binned comparison (1,543 unique SNe in 8 redshift bins with diagonal errors) evaluates each model at its specific
published parameter value:

Model Prediction AIC

TEP (global ) = Constant flat 13.8 15.8 (best)

Void-Gaussian (published) 34.0 36.0

Void-Exponential (published) 93.1 95.1
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The TEP flat model gives the best fit ( ). The published KBC Gaussian profile is disfavoured by ; the
Exponential profile by  in this secondary binned representation. Both the binned and unbinned analyses strongly
prefer the flat profile and reject the published gradual-decay predictions. Both models have  (the marginalized zero-point only;
the KBC curves are frozen published predictions with no fitted amplitude), so  exactly. The TEP flat model is clearly
preferred over the actual published KBC gradual decay curves.

Free-parameter test in native -space. The frozen-prediction rejection above tests the KBC curves at their published parameter
values. A stronger test grants the void family free amplitude ( ) and decay scale (  or ) and asks whether any member of the
family improves upon flat in native -space with the full  STAT+SYS covariance. The free-parameter fits yield:

Table 5: Free-parameter void family fits in native -space with full STAT+SYS covariance and marginalized zero-point. The void family's best fit is
 — exactly flat — for both profiles and both sample cuts. The AIC penalty for two additional free parameters (  versus ) makes the

void models worse than flat by . With amplitude and scale free to vary, the void family degenerates to flat. The free-  TEP family
likewise collapses to  (flat). The a priori TEP prediction with fixed  and the physical constraint  (TEP predicts  elevated at
low , not suppressed) likewise collapses to  — exactly flat — with  (the AIC penalty for the extra shape parameter with no
improvement). The Pantheon+ data are consistent with the TEP global-  prediction of a flat  at all redshifts; the per-host  shape

does not improve the fit when constrained to the correct sign.

Sample Model Scale

Full ( ) Flat — — 2007.7 0 (best)

Void-Gauss 0.000 2007.7 +4.0

Void-Exp 0.000 2007.7 +4.0

TEP (free ) 10.0 2007.7 +4.0

TEP (fixed ) 0.000  (fixed) 2007.7 +2.0

 ( ) Flat — — 919.2 0 (best)

Void-Gauss 0.000 919.2 +4.0

Void-Exp 0.000 919.2 +4.0

The void family's best fit is  — exactly flat — for both the Gaussian and Exponential profiles, in both the full sample and
the  validity domain. Given the freedom to scale, the optimizer drives the void amplitude to exactly zero. Any non-zero
amplitude forces a redshift-dependent curvature that is strictly incompatible with the observational data. The AIC penalty for two
additional free parameters (  versus ) makes the void models worse than flat by ; because the decay scale
is unidentified at zero amplitude, this formal penalty is descriptive only, and the inferential result is the maximum-likelihood collapse
to . When amplitude and scale are released, maximum likelihood occurs at zero void amplitude: the void family collapses
to its flat limit. Combined with the frozen-prediction rejection (  and  at ), the void hypothesis is
excluded both in its published parameters and in its best-fit parameters.

Robustness checks: The result is stable across redshift frames (zCMB: / ; zHEL: / ; zHD: /
) — the Pantheon+ peculiar-velocity correction does not affect the conclusion. The result is also robust to the lower redshift

cut:  gives /  ( );  gives / ;  (the Mazurenko et al.
2025 validity range) gives /  ( ); even  gives /  ( ). The void rejection
survives all these cuts with . The result is also robust to the assumed matter density: the  rejection ranges from

/  at  to /  at , a spread of only  units, while the canonical
 gives / .

Digitization sensitivity. The digitized curves are subject to graphical extraction noise. To verify that the rejection is not an artifact of
digitization uncertainty, the native -space AIC is recomputed after shifting both digitized curves by  and

 — a range that comfortably exceeds the scatter visible in the published figure. Table 6 reports the results:

Table 6: Digitization sensitivity. AIC (native -space, full STAT+SYS covariance) after shifting the digitized KBC curves by the indicated amount,
evaluated at the KBC-preferred reference . The rejection remains decisive under all shifts. Over the validity domain ( ,

), even the most favourable shift leaves  for both profiles. Over the full release ( ), the minimum is .

Shift (km/s/Mpc) AIC Gaussian ( ) AIC Exponential ( ) AIC Gaussian (full) AIC Exponential (full)
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Shift (km/s/Mpc) AIC Gaussian ( ) AIC Exponential ( ) AIC Gaussian (full) AIC Exponential (full)

The rejection is robust to digitization uncertainty at the level of the published figure. A  shift changes AIC by
only  units (Gaussian) and  units (Exponential), confirming that the digitization noise is subdominant to the model-rejection
signal. The digitized points are released as machine-readable JSON and CSV in data/raw/external/mazurenko_curves/ .

Forward mapping: . The KBC  predictions are converted to modulus space via
. The justification for this mapping follows from the structure of Mazurenko et al.'s (2025) Method-3

construction.

Method-3 defines, at each redshift , a homogeneous Friedmann–Robertson–Walker cosmology with fixed dimensionless expansion
shape  — determined by  and  — and a local Hubble constant  that varies with redshift. The
luminosity distance in a flat FRW cosmology is

where the comoving distance integral  depends only on the dimensionless expansion shape and is
independent of . For a fixed , the luminosity distance scales inversely with :

The distance modulus is , so the modulus difference between a reference cosmology with  and a Method-
3 cosmology with  at the same redshift is

since the  factors cancel identically. This derivation is exact for the Method-3 construction: it requires only that (i)
the dimensionless expansion shape  is the same at all redshifts (as assumed by Method-3), and (ii) the luminosity distance is
given by the FRW integral (the definition Method-3 uses to construct the homogeneous surrogate). The modulus shape  is
therefore not an approximation or an assumption — it is the exact forward prediction of the Method-3 construction for the supernova
distance modulus.

The sign of the redshift gradient is preserved: if  declines with , then  increases with , and
the observed flatness of the residual vector directly contradicts this prediction. The directional contradiction follows from the negative

, negative in all published KBC predictions; the quantitative  rejection reflects the full published amplitude and shape
of the KBC profiles.

Free-parameter comparison (all models fit with free parameters):

Model AIC AIC

Constant = TEP expectation 1 13.8 1.98 15.8 0.0 (best)

TEP ( , ) 2 13.8 2.31 17.8 +2.0

Void-Gaussian ( , ) 2 13.9 2.32 17.9 +2.1

Void-Exponential ( , ) 2 17.4 2.91 21.4 +5.6

In the free-parameter comparison, both void profiles push their decay scales to the boundary ( , ), effectively
converting themselves into flat models. The TEP model fits to , exactly as predicted for the global  regime. The 
result is not a degenerate outcome; it is the expected signature of a calibration architecture in which the Cepheid clock bias is encoded
in a single global zero-point rather than distributed across individual host calibrations.
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7.5 Interpretation

The  data rejects the published KBC/MOND gradual decay curves. Within the model's own stated validity domain ( ),
the unbinned native -space likelihood disfavours the Gaussian profile by  and the Exponential by . The
secondary binned analysis gives  and  respectively. The TEP flat prediction (constant  for
global ) gives the best fit in both representations. When allowed free parameters, both void profiles escape their own predictions
by pushing their decay scales to infinity, converting themselves into the flat model that TEP already predicts.

The flat  is the expected TEP signature when the Cepheid calibration bias is imprinted on the global  zero-point. The
TEP prediction chain operates as follows. At , Cepheid calibrators carry the maximal acoustic clock bias, producing the full

 compression. The global  inherits this bias, calibrated from the biased Cepheid distances,
encoding the full clock bias in the zero-point. Because all SNe use the same , the bias does not vary with redshift —  is
predicted to be flat at . A global  sets the absolute vertical intercept but does not constrain the shape: if a local void were
physically present, the distance moduli would diverge from the CDM curve at low redshift regardless of which global  was
adopted. The observed flatness therefore reflects the absence of a void signal in the data, not the calibration architecture. Under per-
host Cepheid calibration (TEP-H0, Paper 11), the  decay would instead appear, because each SN would inherit the bias
from its own host's Cepheid calibration, not from a global zero-point.

The methodological scope stated at the opening of this section applies here in full: a global  sets the absolute normalization of
 but does not force the profile to be flat. If a local void were physically present, the Pantheon+ distance moduli would deviate

from the CDM prediction at low redshifts, producing a declining  curve irrespective of the chosen zero-point. The observed
flatness reflects the absence of such a void signal in the data. The test falsifies the KBC gradual decline; it does not independently
confirm TEP, because conventional cosmologies with a global SN calibration also predict a flat normalization.

7.6 Comparison with Jia et al. (2023): Proper Replication and Source of the Decline

Mazurenko et al. (2025) report that their Method-3 KBC  curves show "reasonable agreement" with the decorrelated 
reconstruction of Jia, Hu & Wang (2023, A&A 674, A45), who find a declining  at  using Pantheon+ combined with 
and BAO data. This subsection examines whether that agreement reflects a shared physical signal or a shared methodological feature.

The methodological distinction is fundamental. Jia et al. reconstruct piecewise  parameters in redshift bins using a cumulative
piecewise  construction (their Equation 8), evaluate the luminosity-distance integral through that piecewise  (their
Equation 18), and compare the decorrelated derived parameters with theoretical predictions. The native -space likelihood (the
modulus residual and AIC equations) evaluates the frozen KBC distance-modulus prediction directly against the underlying
Pantheon+ observable. These are not equivalent operations: one tests a reconstructed parameterization, the other tests the original
observable.

A proper replication of Jia et al.'s analysis was performed using their public code repository (github.com/JoJo20221003/Hz-Code) as
reference. The replication uses Jia's actual 8-bin equal-width partition (  — note that the
code uses 8 bins, not the 10 bins stated in the paper), the full  Pantheon+ STAT+SYS covariance matrix, MCMC
posterior sampling with emcee (32 walkers, 2000 steps), and PCA decorrelation per Jia et al.'s Equations 19–22. The  data (59
measurements including BAO-derived  at ) were taken directly from Jia et al.'s repository. Two configurations were
tested: (A) SN-only with full covariance, and (B) SN +  with full covariance, matching Jia et al.'s actual code.

The results isolate the origin of the declining trend. With SN-only data (configuration A), the MCMC fit yields a change of 
km/s/Mpc from low-  to high- , but with a significance of only  — not statistically significant. The high-redshift bins have
large uncertainties (  km/s/Mpc at ) because Pantheon+ contains few SNe at those redshifts. This is consistent with
Jia et al.'s own statement that the SN-only case has "poor constraints" at high redshift and that they "decided to add the observed
Hubble parameter data and BAO data" to obtain tighter constraints.

With SN +  data (configuration B), the MCMC fit yields a change of  km/s/Mpc at  (correlated) or 
km/s/Mpc at  after PCA decorrelation. The decline is present, but its significance (  decorrelated) is lower than Jia et al.'s
reported , likely due to differences in binning (8 versus 10 bins), MCMC chain length, and the exact  dataset. The
qualitative conclusion is the same: the declining  is driven by the  cosmic chronometer data, not by the Pantheon+ SN
distance moduli alone.

The origin of the Jia et al. decline is therefore identified: it arises from the  and BAO data combined with the SN data, not from
the Pantheon+ SN distance moduli alone. The SN-only configuration, using the full covariance and the correct piecewise 
estimator, does not produce a significant decline ( ). The native -space likelihood likewise rejects the KBC gradual decay
curves. An independent Pantheon+ tomographic analysis (Wang 2023, Eur. Phys. J. C 83, 813) found no obvious evidence for
evolution of  or  at the  level using both equal-redshift and equal-count binning, consistent with the flat profile reported
here.

This reconciliation does not dispute the Jia et al. result within its own methodological framework. The apparent agreement between
KBC and the Jia reconstruction is dataset-dependent: the decline requires the combined SN+ +BAO dataset and does not arise
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from the Pantheon+ SN distance moduli alone. The direct likelihood comparison to the primary observable — the distance modulus
— is the more conservative test, and it rejects the KBC prediction.

The forward mapping derived above (the relative modulus shape relation) establishes that the modulus shape
 is the exact prediction of the Method-3 construction for the supernova distance modulus. Method-3

explicitly defines, at each redshift, a homogeneous FRW cosmology with fixed density parameters ,  and a local Hubble
constant  that varies to reproduce the apparent scale factor at the required lookback time. For such a homogeneous surrogate,

 at fixed  and , so the modulus conversion is not an assumption but a direct consequence of the Method-3 definition.
The AIC  rejection is therefore a direct test of the published Method-3 homogeneous-surrogate prediction as displayed in
Figure 3 of Mazurenko et al. (2025). A full inhomogeneous ray-traced calculation would be a separate, stronger test, but is not
necessary to establish what the published Figure 3 of Mazurenko et al. (2025) predicts for the supernova distance modulus.

8. Observable III (continued): Calibration-Independent Relative Evolution

This is a complementary view of the  redshift-profile test (Section 7) that cancels the common zero-point. Rather than fitting
the global  curve with the unbinned likelihood, this test measures the relative evolution between low-redshift and high-redshift
bins. The formal statistic is the ratio , or equivalently . A common
distance-modulus zero-point shift rescales all inferred  values by the same multiplicative factor ( ), which cancels
identically in the ratio. The additive difference  is retained as an intuitive
calibrated representation, but the ratio is the formally calibration-independent quantity.

The void model predicts : the locally inferred  should decline from the inflated local value toward the CMB value as
observations extend beyond the void wall. The TEP framework predicts : with global , the Cepheid clock bias is
encoded in the zero-point and does not vary with redshift, so  should be flat at all redshifts.

8.1 Test Design

Using the 1,701 Pantheon+ observations (1,543 unique supernovae, with duplicate survey observations retained to preserve the native
 covariance structure),  is computed in redshift bins from  to , split by host galaxy stellar mass

at the canonical threshold . The primary metric is the ratio ,
evaluated on the full sample; host-mass subsets are retained as secondary robustness checks. For each SN,  is inferred by inverting
the ΛCDM distance modulus:

where  and  is the observed distance modulus. The Pantheon+ distance moduli ( ) use
 calibrated from Cepheid anchors at ; therefore the absolute  at any redshift inherits the Cepheid zero-point

as its absolute normalization and is not an independent measurement of SH0ES versus Planck. The scientifically meaningful test is
the relative evolution: the common zero-point cancels in the ratio .

8.2 Result:  — Consistent with Flat,  Rejection of KBC

The primary metric is the calibration-independent ratio. A joint generalized least-squares (GLS) fit of the two-bin intercepts using the
full Pantheon+ STAT+SYS covariance matrix over the full sample ( , ) gives

 and , yielding

consistent with flat  at . The KBC Gaussian profile predicts  (a  decline) when evaluated
through the same two-bin GLS covariance-aware estimator used for the observed  (the KBC model shift

 is fed through the identical GLS zero-point operator in each bin); the Exponential predicts
. The frozen KBC curves are evaluated at every supernova redshift in the same low ( ) and high (

) bins used for the observed . The covariance-aware significance of the rejection is

s(z) = 5 log10[Href/H sim
0 (z)]

Ωm ΩΛ

H sim
0 (z)

dL ∝ H−1
0 z Ωi

Δ ∼ 100

H0(z)
H0(z)

RH = H0(z > 0.25)/H0(0.05 ≤ z < 0.15) Δ lnH0 = lnRH

H0 H0 → aH0

ΔH0 = H0(z > 0.25) −H0(0.05 ≤ z < 0.15)

ΔH0 < 0 H0

ΔH0 ≈ 0 MB

H0
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and  for the Exponential profile. The void model predicts  (decline toward CMB); the data show  (no decline).
The TEP prediction (  for global ) is consistent with the observed near-unity ratio. Because both redshift bins share the
same global  calibration, a common distance-modulus zero-point shift rescales all inferred  values by an identical
multiplicative factor ( ), which cancels identically in the ratio . The uncertainty  is obtained analytically from the
joint GLS covariance: , where

, and the cross-covariance is computed from the off-diagonal block of
the Pantheon+ STAT+SYS matrix. A verification script ( scripts/verify_rh_gls_matched.py ) confirms that the matched-GLS
significance (8.4 /9.7 ) is slightly more conservative than the arithmetic-mean ratio (9.2 /10.2 ) and is the quoted value throughout.

The absolute  values at high  are not independent measurements: Pantheon+ uses  with  from Cepheid
anchors, so the Cepheid zero-point sets the absolute normalization. The key test is the relative evolution, not the absolute value. The
global model-fit comparison (Gaussian and Exponential decay profiles versus flat ) is presented in Section 7. A host-mass-split
binned AIC comparison (using the fixed KBC predictions versus flat  in each host-mass subset) gives AIC 
(massive, Gaussian),  (low-mass, Gaussian),  (massive, Exponential), and  (low-mass, Exponential), confirming
the same conclusion from the curve-fitting angle: the KBC rejection holds in both host-mass subsets independently.

8.3 Interpretation

The calibration-independent ratio  falsifies the void model's central prediction without relying on any absolute
 calibration. The void hypothesis requires the tension to be a function of macroscopic position within the void:  must decline as

observations extend beyond the void wall. The data show no decline; if anything,  slightly increases. The TEP expectation, that the
tension is governed by the local gravitational environment of each host galaxy, not by Earth's position in a cosmic underdensity, is
consistent with the observed near-unity ratio. The  fractional evolution is well within the envelope of high-  selection effects
(Malmquist bias): the Pantheon+ SALT2 bias corrections assume a fiducial cosmology, and residual selection bias at  can
mimic a slight luminosity increase. The critical finding is the absence of a decline, not the precise value of the near-zero fractional
change.

A critical methodological distinction: the absolute  at  is not an independent measurement of SH0ES versus
Planck. The Pantheon+ distance moduli use , where  was determined from SH0ES
Cepheid-host distances. Therefore  at high redshift is mathematically forced by the local Cepheid calibration. The
scientifically meaningful test is the relative evolution: the KBC model predicts a decline, TEP predicts flat, and the data are flat. The
per-host Cepheid analysis in TEP-H0 (Paper 11) is needed to test the redshift-dependent  decay directly.

Consistent with the methodological scope stated at the opening of Section 7, Pantheon+'s global  calibration tests the spatial
persistence of the tension, not its host-mass dependence. A computational proof is provided in the TEP-VOID pipeline, which releases
the global  constraint and fits  separately for massive and low-mass hosts. The residual mass step is only  mag after the
existing SALT2 mass correction and global-  calibration, demonstrating that little host-mass structure remains in the released
Pantheon+ moduli. This is consistent with masking of the TEP-predicted host dependence (  mag); recovering that dependence
requires the per-host Cepheid recalibration performed in TEP-H0 (Paper 11).

9. TEP Correction: Two-Channel Calibration Bias

Sections 5 through 8 have established that the published KBC/MOND gradual decay curves are rejected by the observed flat 
profile. This section quantifies the physical scale of the TEP calibration bias by tracing the correction through two distinct channels:
the Cepheid period-transport channel (calibrator hosts   zero-point) and the SN light-curve stretch channel (SN standardization

 Hubble-flow residuals). The Cepheid channel is directly measured; the SN stretch channel is a falsifiable prediction of the same
transport mechanism. The data tell a consistent story across multiple scales. The strongest single-galaxy evidence comes from the
LMC internal radial Period–Luminosity gradient (  mag,  from OGLE-IV, robust to period and
colour matching; Paper 11). The M31 gradient (  mag,  in the HST PHAT catalogue of Kodric et al.
2018;  mag,  for Pan-STARRS restricted to the same footprint; Paper 11) survives 2D period–colour matching
at  mag ( ), retains a reddening-free offset  mag ( ) under band decomposition,
and sharpens to  mag ( ) under flux-independent neighbour-density crowding control (whereas conditioning
on propagated magnitude error  induces outcome-collider bias because  correlates with apparent magnitude  at

). Both signals carry the predicted clock-gradient sign free from host-to-host peculiar velocity systematics. At the
cosmological level, the redshift-only WLS regression in  space across 33 Hubble-flow hosts yields

 mag (  at  km/s), with the joint multi-block likelihood returning
 mag at  as a consistency check. The supernova -step emerges at  in the TEP-predicted

direction (  Hubble-flow), placing the longstanding host-mass residual in a concrete, falsifiable timescale-bias framework.

Z =
RH,obs −RH,KBC

σRH
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These multi-scale detections align in both direction and order of magnitude to span the gap. The definitive per-host recalibration is
left to the companion TEP-H0 analysis.

9.1 The Two-Channel Taxonomy

The TEP framework distinguishes two classes of distance indicator by the physical quantity that sets their standardization. The first
class — acoustic clocks — includes Cepheid variables, whose period is the acoustic crossing time of the stellar envelope (Section
4.4). The second class comprises non-timescale distance indicators, including the TRGB, JAGB, and SBF. Their standardizations are
rooted in nuclear ignition thresholds or statistical stellar-population luminosities—neither of which requires transporting a redshift-
corrected timescale to the rest frame. A third category, previously unrecognized in this framework, occupies an intermediate position:
partially time-standardized indicators, whose peak luminosity is nuclear physics but whose empirical standardization involves a
timescale.

Type Ia supernovae belong to this third category. The SALT2/SALT3 standardization relation is
, where  is the light-curve stretch — the timescale of the photospheric diffusion through

the ejecta. The peak luminosity is nuclear physics; the light-curve width by which it is standardized is a clock. Under any framework
in which clock rates respond to environment, SN stretch inherits an environment-dependent bias that propagates into the standardized
magnitude through the  term. TRGB, JAGB, and SBF anchors do not carry this bias because their standardization does not
involve a timescale.

This taxonomy resolves a structural tension in the distance-ladder literature. On common galaxy samples, all indicators converge to
–  (Section 2.5); on full ladders with distinct calibrator populations, they diverge (Section 2.7). Both observations are

explained by the two-channel model: common-sample comparisons share the SN stretch channel (all indicators converge high), while
full-ladder comparisons differ by the Cepheid channel (acoustic clocks biased, non-timescale indicators not).

9.2 Channel 1: The Cepheid Period-Transport Chain

The Cepheid-channel calibration bias operates through a specific physical chain. The TEP correction is calculated on the Cepheid
calibrator hosts — the galaxies whose Cepheid distances set the global  zero-point. The mean correction over those
calibrators determines a single shift , which then propagates uniformly to all Pantheon+ supernovae:

The potential of an arbitrary high-redshift SN host does not enter this chain. The Cepheid channel affects only the Cepheid calibrators
that set , not the SNe themselves. The SN stretch channel (Section 9.6) operates independently on the Hubble-flow SNe.

9.3 The Cepheid Modulus Correction

Under TEP, the Cepheid-derived distance modulus in a calibrator host with gravitational potential coordinate  is biased by the
clock-rate differential. Two channel coefficients are distinguished:

where  is the dimensionless period-response coefficient (governing Cepheid period contraction for  in massive hosts),
 is the near-infrared Leavitt law slope, and  is the Cepheid-channel response

coefficient from the endpoint slope conversion in TEP-H0 (Paper 11, Section 4). Here  is the
dimensionless screened potential coordinate, with  the inner-potential stellar-dispersion proxy,  the screening
factor that attenuates the potential for extended sources, and  the screened anchor reference potential. The
correction is positive for massive calibrators: Cepheid distances are compressed, so the true distance modulus is larger than the
observed value.

A note on notation. Two estimates of the Cepheid-channel coefficient appear in this paper:  (the
endpoint-slope conversion from TEP-H0, used in the matrix propagation) and  (the redshift-only
WLS estimate in  space at  km/s, with  at the canonical  km/s, used in the scalar-
tensor consistency analysis of Section 4.6). These are the same physical coefficient estimated by two independent methods. The
difference ( ) is  relative to the combined uncertainty, confirming consistency. The matrix propagation uses 

μ = mB −MB + αx1 − β c+Δhost x1
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because it is the direct endpoint-slope conversion; the scalar-tensor analysis uses  because it is the regression-optimized value
from the -space WLS fit.

9.4 Channel 1 Application: Calibrator  Propagation

The TEP correction is applied to the Cepheid calibrator hosts with measured inner-potential stellar dispersions from the host potential
catalog. The mean correction over these calibrators determines the zero-point shift :

This single  is then applied uniformly to all Pantheon+ supernovae, shifting the Hubble residual by a constant offset. The
corrected distance moduli are used to recompute Hubble residuals against the CDM prediction at the CMB-inferred

.

9.5 Channel 1 Result: Direct Shift and the Amplitude Bound

The TEP correction shifts the mean Hubble residual by  mag (equiv closure,  mag,
calibrator-only ) in the direction predicted by TEP (reducing the negative residual caused by Cepheid distance compression). The
uncertainty combines the imported  posterior with the variance of the mean calibrator potential :

. The  term dominates ( ), while the 

contribution is subdominant. The standard deviation of the residuals is unchanged (  mag), confirming that the correction acts as
a constant zero-point offset rather than reducing scatter — exactly as expected when  is global.

The direct shift of  mag is a simple calibrator-average estimator using the endpoint-slope 
mag applied to the screened calibrator-only  via cross-validation. The Hubble tension demands a mean calibrator correction of

 mag. Two propagation routes exist, yielding different results:

(i) SH0ES design-matrix propagation. Propagating the endpoint-slope  through the 3,490-row SH0ES design matrix yields
 (Paper 11, Section 3.5) — a partial reduction from 73.04, because the 37 unconstrained latent

host moduli  algebraically absorb host-level environmental shifts (Paper 11, Section 4.2). The maximum per-host correction with
 is  mag (at NGC 976). A propagation audit confirms: the mean

calibrator correction is  mag (using the redshift-only WLS ), or  mag using the
endpoint-closure , consistent with the maximum per-host bound.

(ii) Unified host-level reconstruction. Paper 11's host-level route bypasses the matrix degeneracy by correcting each host modulus in
expansion-rate space and re-optimizing  to flatten the environmental gradient ( ). This yields

, consistent with Planck at . Two clarifications delimit what this fitted route establishes.
First, its optimizer objective flattens the –  slope linearly rather than the physical correction regressor , returning

; posed consistently —  on  with photometric plus peculiar-velocity weighting — the same reconstruction data
return  mag, statistically consistent with the endpoint-fitted value (Paper 11, Step 04 estimator
decomposition). No residual amplitude gap therefore separates the two routes once the estimators are posed identically; the apparent

 mismatch was estimator geometry, not physics. Second, under the standard reference  km/s the host-sample
mean correction regressor nearly vanishes ( ), so the reconstructed  level is largely -insensitive — the raw
unweighted host mean is already  — and the TEP-specific content of the route is the flattening of the environmental
slope rather than the absolute level.

The Cepheid channel provides the directly measured calibration bias. TEP additionally predicts an independent SN timescale channel
whose amplitude is constrained by the host-mass phenomenology and is directly testable through -dependent Hubble residuals
(Section 9.6). The SN channel is not required to rescue the Cepheid reconstruction; it is a separate, falsifiable prediction of the same
underlying transport mechanism.

9.6 Channel 2: The SN Light-Curve Stretch Bias

The SALT2/SALT3 standardization relation  corrects the observed peak magnitude using the
light-curve stretch , which parameterizes the timescale of photospheric diffusion through the ejecta. The stretch  is a time-
domain observable derived from the light-curve width, and is therefore governed by the local proper time rate: under TEP, a clock-
rate differential in the SN host environment produces a stretch bias  that propagates into the standardized magnitude as

.

The SN channel acts wherever SN light-curve stretch is standardized; its contribution to  is set by the differential environmental
bias between the calibrator-SN and Hubble-flow-SN host populations. It is therefore structurally distinct from the Cepheid channel

κCep
H0

ΔM Cep
B

ΔMB

ΔMB = κ
equiv
Cep ⋅ ⟨Xi⟩calibrators (51)

ΔMB

Λ
H0 = 67.4 km s−1Mpc−1

+0.077 ± 0.036 κ
equiv
Cep = 1.220 × 106

⟨Xi⟩

κ
equiv
Cep ⟨Xi⟩

σ2ΔMB
= (σκ

equiv
Cep
⟨Xi⟩)2 + (κequivCep σ⟨Xi⟩)

2 κ
equiv
Cep σκ

equiv
Cep

/κequivCep = 0.531/1.220 ≈ 44% ⟨Xi⟩

0.183
MB

+0.077 ± 0.036 κ
equiv
Cep = 1.220 × 106

⟨Xi⟩
Δμtension = 5 log10(73.0/67.4) ≈ 0.174

κ
equiv
Cep

H0 = 70.46 ± 0.97 km s−1Mpc−1

μi

κequivCep κequivCep ⋅Xmax = 1.220 × 106 × 3.42 × 10−7 ≈ 0.42

+0.077 κCep = 1.275 × 106 +0.077 ± 0.036

κ
equiv
Cep

κCep ∂H0,i/∂σ∗,i → 0
H0 = 67.83 ± 1.56 km s−1Mpc−1 0.26σ

δμ σ∗ X ∝ σ2∗
κ ≈ 3.4 × 106 δμ X

κ = (0.98 ± 0.48) × 106

2.2× σref = 87.165
⟨X⟩ ≈ −1.5 × 10−9 H0 κ

67.72 ± 1.58

Xi

μ = mB −MB + αx1 − β c+Δhost

x1 x1

Δx1
ΔmSN

B = αΔx1

H0

Page 34 of 55



(which operates through the period-transport calibration chain) and additive with it. Non-timescale distance indicators (TRGB, JAGB,
SBF) do not carry this bias because their standardization does not involve a timescale. The two-channel structure is:

where  is the Cepheid calibration bias (measured directly from the matched-host divergence and the likelihood analysis) and
–  mag is the predicted SN timescale bias, bounded by the observed SN Ia host-mass step. The SN stretch

channel amplitude is not yet independently constrained from first principles; the range shown is bounded by the observed host-mass
step. The falsifiable test — the -step in Pantheon+ residuals (Section 10.4) — is needed before this channel counts as evidence
rather than a prediction. The fiducial choice , motivated by the common rank-1 transport structure (Section 4.9), provides
the structural motivation.

The SN Ia host-mass step — a residual correlation of –  mag between Hubble residuals and host stellar mass after SALT3
standardization (Section 2.6) — is the observational signature predicted by the SN stretch channel. The step has persisted for
approximately 15 years without a unique physical explanation. Under TEP, it arises naturally: more massive hosts reside in deeper
gravitational potentials, producing larger core-to-ejecta clock differentials and a correspondingly larger stretch bias. The TEP
prediction is falsifiable: the step should correlate with the potential coordinate  (or an equivalent bulge-concentration measure)
rather than with stellar mass per se, and the correlation should persist after the SALT3 mass correction is applied. Pantheon+ provides
the data to test this prediction directly.

9.7 Channel Amplitudes

The two-channel amplitudes are summarized in Table 7. The Cepheid channel is directly measured. The predicted host-potential
dependence of SN stretch remains an independent, uncalibrated prediction to be tested. Closing this gap requires radiative-transfer
simulations of SN Ia light curves accounting for environmental clock differentials across the ejecta, or alternatively an empirical
calibration against a sample with both measured  and independent Cepheid distances permitting a direct –  cross-
anchor.

Table 7: Two-channel amplitude summary. Channel 1 (Cepheid period transport) is measured from the matched-host divergence and the likelihood
analysis. Channel 2 (SN light-curve stretch) host-potential dependence remains an uncalibrated prediction.

Channel Mechanism Amplitude range Observational constraint

Cepheid
period
transport

–  mag (per host)

Matched-host Cepheid–TRGB divergence (JWST :
, ; filter-corrected , );

 mag (redshift-only WLS, ;
 mag,  at  km/s); LMC ( ,

robust) and M31 (  PHAT baseline,  period–colour matched,
 density-matched crowding control) internal gradients; host-level

reconstruction yields 

SN light-
curve
stretch

SN Ia host-mass step (
 mag raw;

–  mag after SALT3
host correction); HR channel
null after  absorption
(pending key measured-
sample test)

The Cepheid channel is the directly measured calibration bias. The SN stretch channel remains a falsifiable host-potential prediction;
an independently calibrated  test with a conclusive measured-  sample remains outstanding. The two channels are additive
and both scale with , but the paper does not depend on the SN channel to balance the amplitude budget — the Cepheid channel
reconstruction (Paper 11, Step 04) already yields .

The two-channel taxonomy is qualitatively consistent with the range of  values spanned by the four indicator classes (Table 1,
Section 2.4): JAGB ( , low-mass hosts), TRGB ( , mixed), Cepheids ( , massive spirals), and SBF ( ,
massive early-types). Under the two-channel model, deeper-potential calibrator populations carry larger clock biases through both
channels: the Cepheid channel biases the period-transport calibration, and the SN stretch channel biases the Hubble-flow SNe
selected from those host populations. This observation is reported as suggestive only and is not advanced as a statistical test of the
framework. A weighted linear fit of  against the mean potential coordinate  for each ladder's calibrator population yields

, with the four indicators spanning  (JAGB) to  (SBF). While the
sample size of four indicator classes precludes any formal statistical significance, the ordering is consistent with the two-channel
picture — but, as detailed below, is too confounded to count as evidence for it. The two-channel model expects this ordering to persist
under refinement; because the four classes are mutually confounded, however, persistence would be suggestive rather than
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confirmatory even with more data, unless the confounds are broken by matching hosts across indicators. The four indicator classes are
moreover deeply confounded with known method-specific systematics — JAGB and TRGB are measured in nearby, lower-mass,
mixed-morphology hosts with ground- and space-based photometry distinct from the SH0ES Cepheid sample, while SBF is measured
exclusively in massive, dust-free early-type galaxies using fluctuation statistics with well-documented stellar-population-age
systematics — so host morphology, dust content, stellar-population age, and photometric method vary jointly with potential depth
across the four classes. The ordering has been noted informally in the Hubble-tension literature and attributed to sample selection and
stellar-population effects specific to each method. A plot of this ordering is available in the reproducibility archive. The two-channel
model predicts that this ordering will persist under refinement, a directional expectation that future data with larger indicator samples
can test. The discriminating power of the TEP framework against the void model rests on the redshift-profile falsification in Sections
7–8, not on this four-point observation.

The discriminating power of the TEP framework against the void model comes from the redshift-profile falsification in Sections 7–8,
evaluated through complementary absolute-shape and relative-evolution statistics. The flat  profile rejects the published KBC
gradual decay curves (digitized from Mazurenko et al. 2025) at  for Gaussian,  for Exponential with diagonal
errors;  and  over the valid  domain with the unbinned native -space covariance;  and 
over the full sample. The calibration-independent relative evolution shows no decline.

The indicator-specific distance divergence (Section 5) is physically suggestive (  in the full CF4 sample) but is dataset- and
reduction-dependent (  in the R22-matched subset — a sample-size constraint, not a vanishing effect, as the central values
match the TEP-predicted –  mag with stable sign). The two-channel structure (Table 7) shows the Cepheid channel
(measured) and the SN stretch channel (remaining a falsifiable host-potential prediction awaiting a conclusive measured-  sample
test), each bounded by an independent observational constraint. The standardized Hubble-residual channel is the subject of Section
10.

9.8 Standardization Suppression of the Temporal-Gradient Observable

An audit of the standard SN Ia data reduction pipeline reveals a critical mechanism that suppresses the macroscopic temporal signal:
the SALT standardization process itself attenuates the pre-standardization directional signal.

Because the standard rest-frame time mapping used by SALT3 implicitly assumes that the spectroscopic redshift fully accounts for
the transformation between observed and emitted light-curve timescales, the aggregate SALT3 standardization — combining the
stretch correction , the color correction , and the host-mass step — attenuates the pre-standardization directional signal,
consistent with partial absorption of a temporal contribution. This constitutes a falsifiable prediction: the temporal signal should
appear in pre-standardization SALT magnitude residuals at a specific amplitude and be attenuated in standardized ones. The
theoretically predicted timescale channel operates through  (Section 4.9), but a direct audit shows that the raw stretch coefficient
itself is not significantly directional ( , ). This directional  null is distinct from the uncalibrated
host-potential  prediction of Section 10.4; the two tests probe different spatial structures. The suppression is instead observed
in the aggregate correction, where the pre-standardization magnitude dipole ( , ) is reduced to

 ( ) after the full SALT3 correction is applied. The standardization therefore suppresses
approximately 70% of the pre-standardization directional signal (attenuation , propagated from the pre- and post-
standardization dipole uncertainties under a conservative uncorrelated treatment), with the residual remaining significant in the
standardized residuals. Complete calibration of the  channel requires the stretch response coefficient  to be constrained
independently (Section 4.9).

10. Falsification Pathways and Future Observational Tests

The value of a physical theory lies not only in what it explains but in what it forbids. The TEP framework makes specific, quantitative
predictions that can be tested with current and near-future observational facilities. This section outlines seven falsification pathways
(Pathways I–VII) and auxiliary tests, each designed to either confirm or refute the TEP acoustic clock bias hypothesis against the
kinematic void alternative.

10.1 Pathway I: Expanding the Matched Cepheid/TRGB Sample

The most decisive near-term test is expanding the matched Cepheid/TRGB galaxy sample. The current 22-galaxy CF4 sample yields
, but a four-variant audit reveals that the offset is dataset/reduction dependent: it is driven by 16 galaxies with Cepheid

distances from non-SH0ES sources (not in the R22 sample). When restricted to the R22-matched subset ( , selected by
position), the offset is  mag ( ), consistent with Tully et al.'s published . When restricted to
R22-matched galaxies with external TRGB, the offset is  ( ). The indicator divergence is therefore physically
suggestive but statistically constrained by the small sample size.

A JWST-era matched sample is constructed from 18 galaxies with both JWST NIRCam TRGB distances (CCHP F115W from
Freedman et al. 2024, GO-1995, and Anand et al. 2024 F090W, GO-1685/GO-2875) and R22 Cepheid distances on the same NGC
4258 maser zero-point (Step 50, step_50_jwst_matched.json ). Because JWST NIRCam observes both Cepheid and TRGB
populations through identical optics, the  diagnostic is stripped of telescope zero-point drift. With canonical
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TEP-H0 velocity dispersions (  km/s for face-on M101), the full-sample screened regression ( ) yields a
negative slope of  mag ( , exact TEP-predicted negative sign, consistent with the Paper 11 joint
benchmark  mag at ; unscreened slope  mag,  negative), with weighted mean

 mag ( , negative) and reduced . A differential filter offset of  mag between
the F090W (Anand) and F115W (CCHP) TRGB calibrations is detected; correcting this offset sharpens the screened slope to

 mag ( , negative, within  of the Paper 11 joint benchmark) and raises the weighted mean to
 mag ( ;  mag,  with M101 excluded). Both JWST program subsets independently

recover the TEP-predicted negative sign: CCHP F115W ( ,  mag screened,
 mag unscreened) and Anand F090W ( ,  mag screened, within

 of the canonical  mag benchmark).

Across all three datasets — the JWST matched sample (  mag raw,  mag filter-corrected, Step 50), the
TEP-H0 raw SH0ES Cepheid + EDD/CCHP TRGB data ( ,  mag, ), and the 22-galaxy
CF4 compilation evaluated with canonical TEP-H0 velocity dispersions (  mag full sample;

 mag on the  non-R22 subset;  mag hierarchical, Step 36) —
every screened regression recovers the TEP-predicted negative sign. The JWST sample has pristine data quality (reduced 
), and expanding the JWST overlap sample to  galaxies will sharpen the standalone slope precision.

A same-team Cepheid comparison (Madore & Freedman 2023, MF2023) with the Freedman et al. (2024) JWST TRGB distances
eliminates inter-team zero-point systematics on the  overlap sample. The MF2023 NIR ( ) Cepheid distances yield a
weighted mean  mag ( ) with all 13 of 13 galaxies showing the TEP-predicted negative sign (

,  one-sided binomial, Pearson  negative TEP sign; the MF2023 optical  distances show 10 of 13
negative with weighted mean  mag, ). Both the R22 + JWST TRGB combination (9/13 negative, slope

 mag) and the same-team MF2023 + JWST TRGB combination (13/13 negative in , 10/13 in ) therefore
confirm the TEP-predicted negative  sign.

The per-host Cepheid recalibration of the Pantheon+ sample (TEP-H0, Paper 11) is the complementary test: it would show the
 decay and the host-mass dependence directly, both of which are invisible in the global  regime. Intra-host differential

tests — comparing Cepheid and TRGB distances within the same galaxy using JWST — would test the radial gradient prediction at
the individual galaxy level.

Two upcoming facilities will substantially expand the statistical reach of the redshift-profile test. The Nancy Grace Roman Space
Telescope's High Latitude Time Domain Survey (HLTDS) will discover thousands of SNe Ia up to , providing high-precision
light curves that can test the redshift-profile structure against the published KBC gradual decay curves. The Vera C. Rubin
Observatory's Legacy Survey of Space and Time (LSST) will deliver deep host-galaxy photometry and mass profiling, enabling high-
mass host stratification at  with statistical samples exceeding  supernovae. Both surveys can test whether the 
profile remains flat or shows the gradual decline predicted by the KBC/MOND model. However, the Cepheid-channel host
dependence requires nearby/mid-distance Cepheid hosts with TRGB cross-checks, not high-  SN surveys alone.

10.2 Pathway II: Peculiar Velocity Recalibration and Directional Δμ

The second falsification pathway directly tests the TEP interpretation of the CosmicFlows-4 bulk-flow anomaly as a calibration-
sensitive quantity. The indicator-specific distance divergence (Section 5) shows  in the full CF4 catalog but only  in the
R22-matched subset — the result is dataset/reduction dependent and physically suggestive but statistically constrained by the small
sample size. The calibration sensitivity analysis (Section 6) shows that this compression introduces a distance-dependent shift of

 km/s into the peculiar velocity field. The velocity catalog is calibration-sensitive, while the measured bulk-flow amplitude
changes by a bounded amount when the distance indicator is switched from Cepheids to TRGB. The void model predicts the 
bulk-flow anomaly persists, because the physical motion of the galaxies is independent of the distance indicator used; the TEP
framework predicts the velocity catalog is calibration-sensitive, with the bulk-flow amplitude changing by a bounded amount under
recalibration.

The bulk-flow dipole is a derived estimator, not a physical velocity field. The conventional estimator  absorbs a
change of distance calibration into a distance-dependent, apparently dipolar residual. A dual-calibration experiment re-calibrates the
full CosmicFlows-4 Tully-Fisher catalog with both Cepheid and TRGB zero-points. When the standard  estimator is used, the two
calibrations give bulk flows that differ by  km/s at an angle of  to the CMB dipole; only  km/s is
aligned with the CMB. When an -invariant log-distance estimator  is used, the inferred bulk flow is identical
for the two calibrations (  km/s), so the differential bulk flow is  km/s. The  Cepheid excess is
therefore an estimator artifact of the conventional  estimator, not a physical kinematic flow. The candidate macroscopic temporal
component is the finite-coherence feature with best-fit  Mpc, not a rigid dipolar gradient.

The directional  signal in the Cepheid–TRGB offset is likewise not a robust discriminator. A compiled sample of 33 galaxies with
both Cepheid and TRGB distances gives  ( ), with a 3-D dipole-fit permutation .
After conditioning on the screened host potential  and R22 membership, the partial correlation of the CMB direction with  is

 ( ), while the  scaling survives with  ( ). The apparent CMB
alignment in the Cepheid–TRGB offset is a sample-geometry and registration confound. The calibration-sensitivity of the
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conventional bulk-flow estimator is a diagnostic of the indicator divergence, not evidence for a Cepheid-specific large-scale temporal
dipole. The macroscopic temporal signal that does survive is the candidate finite-coherence component in the pre-standardization
Pantheon+ residuals (  Mpc, Section 6.4), not the Cepheid–TRGB directional split.

10.3 Pathway III: Spatially Resolved Host Kinematics

The third falsification pathway exploits the TEP prediction that the acoustic clock bias depends on the observing geometry within
each host galaxy. JWST and ground-based IFU spectroscopy can map the differential tracer ratios  between
galactic nuclear cores and outer disk Cepheid fields. The TEP framework predicts that the observed period contraction scales with this
ratio: hosts where spectroscopic calibrations are weighted toward the dense, deeply slowed core ( ) should exhibit larger
apparent period contraction than hosts where the spectroscopic and Cepheid fields are at similar radii ( ).

This test requires: (a) spatially resolved spectroscopy of SN Ia host galaxies to measure the radial profile of the stellar velocity
dispersion; (b) matching Cepheid positions to the kinematic map to compute  for each host; and (c) testing whether the residual
Cepheid distance offset correlates with  as predicted by TEP. The void model predicts no correlation with  (the bulk flow is a
rigid-body translation that does not vary within the galaxy), while TEP predicts a positive correlation.

10.4 Pathway IV: The -Step in Pantheon+ Hubble Residuals

The SN light-curve stretch channel (Section 9.6) predicts that Hubble residuals after SALT3 standardization should correlate with the
potential coordinate  of the SN host, beyond the standard host-mass correction. This is directly testable with Pantheon+ data. A
preliminary test used the 1,353 Pantheon+ Hubble-flow SNe ( , ) with host stellar mass measurements. The host
potential was estimated from measured  where available (116 SNe from the redshift-gated multi-catalog union described below)
and from the baryonic Tully-Fisher relation ( ) for the remainder. The Hubble residual is
computed as  using the flat- CDM reference at , . The results are:

The standard mass step (at ) is  mmag ( ) on  because  already
incorporates Pantheon+'s BBC host-mass-step subtraction (  mmag at ). When the  contrast is
evaluated with matched reference potentials (  for unscreened Tully–Fisher rows and  with matched local
disk screening  for measured-  rows, Step 45), the sample splits cleanly into

 and  (eliminating the earlier  mismatch): on the pre-BBC-mass-step Tripp Hubble residuals (
), the -step is  mmag ( ; continuous slope

, , ), directly confirming that the host-mass step tracks the  potential
coordinate, while on the post-BBC-corrected  residuals the residual -step is  mmag ( ; 
mmag,  after linear mass residualization). Most directly, testing the SN stretch parameter  itself against  (Step 45, Test 7)
yields a slope of  ( , , ) in the exact TEP-predicted direction (deeper host
potential  slower local clock  negative ), and the partial correlation of  with  after controlling for host stellar mass

 remains significant at  ( , ).

An improved analysis uses measured  from a union of public rotation catalogues — HyperLEDA (VII/237, VII/238), the EDD
All-Digital HI profile catalogue (Courtois et al. 2009), the Cosmicflows-4 HI linewidth compilations (Kourkchi et al. 2019; Dupuy et
al. 2021), 2MTF (Hong et al. 2019), ALFALFA .100 (Haynes et al. 2018) and SPARC (Lelli et al. 2016) — cross-matched against
all 1,543 Pantheon+ hosts. Every positional match is subjected to a redshift-consistency gate,  between the
catalogue systemic velocity (converted to the CMB frame) and the SN redshift, which rejected five projected interlopers that
positional matching alone would have admitted (including a  galaxy assigned to a  SN). Inclination corrections
are applied from the catalogued axis-ratio data or, for the Kourkchi sample, directly from the deprojected linewidth. Measured
rotation velocities are thereby obtained for 187 unique SNe, of which 134 lie in the Hubble flow ( ); the remaining 1,336
Hubble-flow hosts retain the Tully-Fisher proxy. The Hubble residual is computed as , where  is the
flat- CDM distance modulus at , , evaluated at the peculiar-velocity corrected redshift . With
consistent local disk screening ( , Step 48), the full sample (  Hubble-
flow; , ) shows a step of  mmag ( , ) — in the TEP-predicted direction
(high-  hosts have more positive Hubble residuals). Even more cleanly, on the purely measured-  kinematic subsample (

 Hubble-flow), consistent local screening resolves the earlier  reference-mismatch imbalance into  and
: the unweighted -step is  mmag ( , ), the error-weighted step is 

mmag ( , ), and the mass-residualized step (after removing linear  dependence) is  mmag
( , ) — all in the TEP-predicted direction with larger amplitudes reflecting the direct kinematic potential leverage
of the measured-  sample.

Mass residualization is performed by sequentially fitting  and taking the -step on the mass-residualized
Hubble residuals. Once  is scaled to  units ( ) prior to matrix inversion (eliminating the artificial  unit-scaling
condition number between  and ), the design matrix is well-conditioned (  on the full sample
and  on the measured-  subsample). A joint OLS fit of  on the full sample (

) yields  ( ) and a mass-residualized step of  mmag ( ).
Because stellar mass physically correlates with the host potential well depth, mass-correction inevitably absorbs part of any true 
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signal; the uncorrected step (  full sample;  OLS and  error-weighted on the measured-  subsample,
 mass-residualized) therefore provides the primary estimate, while mass-residualization supplies a conservative lower bound.

On the measured-  subsample ( ), the continuous error-weighted regression controlled for  gives
 ( , TEP sign), stable under leave-one-out ( ) and top-

leverage removal audits.

While the consistent screening split ( , ) passes the standalone detection threshold on the measured-
sample (  to ), the measured-  subsample remains concentrated at low redshift (median , maximum

) where peculiar velocity scatter ( 100–200 mmag) is largest. Targeted spectroscopy of low-mass hosts at  will
further sharpen the continuous kinematic slope, while JWST galactocentric Cepheid radii will test the local acceleration-gradient
scaling . The void model predicts no -step (the bulk flow is independent of host potential).

10.5 Additional Tests and Cross-Checks

Beyond the seven falsification pathways, several additional tests provide further discrimination:

Mira variable distances: Mira stars are long-period variables whose pulsation mechanism is similar to Cepheids (acoustic oscillation
driven by the -mechanism). The TEP framework predicts that Mira distances should exhibit the same acoustic clock bias as
Cepheids, while TRGB and JAGB distances should not. JWST observations of Miras in SN Ia hosts (already underway in some
programs) provide an additional acoustic clock test.

Surface Brightness Fluctuations (SBF): SBF distances in the near-infrared are derived from the statistical properties of the unresolved
stellar population in early-type galaxies. Because SBF is a statistical luminosity measure (not an acoustic clock), the TEP framework
predicts it should behave like TRGB — without the acoustic clock's period-transport bias. The observed

 (Garnavich et al. 2023) is consistent with this prediction when the SBF calibration lineage is
traced. The SBF-Cepheid zero-point was first established by Tonry et al. (2000), who tied the SBF absolute scale to Cepheid distances
in six spiral galaxies with both SBF and Cepheid measurements. Blakeslee et al. (2002) revised this calibration by  mag using
the final HST Key Project Cepheid distances. Jensen et al. (2015) calibrated the near-infrared SBF method for WFC3/IR using 16
early-type galaxies in the Virgo and Fornax clusters, with zero-points anchored to the Cepheid distance scale. Garnavich et al. (2023)
used these Jensen et al. SBF distances — explicitly calibrated to the Cepheid zero-point — to calibrate SNe Ia in 25 host galaxies and
derive . The high SBF  inherits the Cepheid channel bias through the calibration chain: Cepheid distances  SBF zero-point

 SN Ia   .

A Cepheid-independent SBF calibration has recently been developed by the TRGB-SBF Project (Jensen et al. 2025), which uses
JWST TRGB distances anchored to the NGC 4258 maser to set the SBF zero-point without any Cepheid input. This Cepheid-free
calibration yields  — still elevated, and virtually identical to the Cepheid-
anchored SBF result. Under the two-channel TEP model (Section 9), this is not a contradiction but a consistency check. The SBF
anchor is clean (TRGB, a non-timescale indicator with no clock bias), but the Hubble-flow SNe are still standardized using
SALT2/SALT3, which involves the light-curve stretch  — a timescale. The SN stretch channel (Section 9.6) operates on the last
rung of the ladder, independent of the anchor. SBF ladders calibrate SNe in the most massive (early-type) hosts, i.e., the hosts with the
largest SN-channel bias. A high  with a clean anchor is exactly what the two-channel model predicts: the TRGB anchor removes
the Cepheid channel, but the SN stretch channel remains. The Jensen et al. (2025) result thus is compatible with and motivates the SN
stretch-channel interpretation.

Combined Cepheid+TRGB calibration (Riess et al. 2025): the SH0ES team has combined Cepheid and TRGB calibrations in the
same SN Ia host sample (55 SNe), yielding . A TRGB-inclusive calibration returning 
rather than  appears, at first sight, to contradict the Cepheid-only TEP prediction. Under the two-channel model, however, this
result is expected: when Cepheid and TRGB calibrations are combined on a common SN host sample, the SN stretch channel is
shared by both calibrations (all SNe are standardized the same way regardless of anchor), so both converge to the same high . The
Cepheid channel adds an additional offset on top of the shared SN channel, but the SN channel alone is sufficient to keep the
combined result above . The two-channel model predicts that the Cepheid-minus-TRGB difference within this combined sample
should be –  mag (the Cepheid channel only), consistent with the Riess et al. (2025) finding that the two calibrations agree
at the  level. The combined result does not falsify TEP; it is consistent with the two-channel structure, and is compatible with
and motivates the SN stretch-channel interpretation.

To convert the two-channel structure from a post-hoc assignment into a stake, the channel decomposition is fixed a priori by the
calibration-chain structure — which rungs pass through a transported timescale — and the predicted  per ladder is tabulated before
consulting each new measurement. The Cepheid channel contributes  mag on the calibrator average (up to 
mag at the deepest potential); the SN stretch channel contributes at most the host-mass-step scale ( –  mag, –

 on typical hosts, larger on the most massive early-type hosts where  is largest).

Table 3: A Priori Channel Decomposition per Distance Ladder
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R22 Cepheid-anchored SN ladder Active (full) Active

CCHP TRGB-anchored SN ladder
None (non-timescale
anchor)

Active, host-dependent –

JAGB-anchored SN ladder None Active, host-dependent –

Cepheid-calibrated SBF (Garnavich
2023)

Inherited through SBF
zero-point Active –

TRGB-calibrated SBF (Jensen 2025)
None (Cepheid-free
anchor)

Active; largest on massive
E/S0 hosts

–

Combined Cepheid+TRGB (Riess
2025, 55 SNe)

Shared Shared

The decomposition is falsifiable on three stated conditions. First, a TRGB- or JAGB-anchored SN ladder constructed on high-
massive hosts returning –  within errors would remove the SN stretch channel where the model requires it largest.
Second, a Cepheid-anchored ladder on shallow-potential hosts ( ) returning  would falsify the Cepheid channel's
environmental origin. Third, a null -step at  on an expanded high-redshift sample with measured  coverage (the current

 union-catalogue subsample, with  and  after matched local screening, remains concentrated at low
redshift with median ) would exclude the stretch channel's predicted environmental scaling. The Jensen et al. (2025) value
is the model's most strained cell: it requires the stretch bias near the top of the host-  distribution, and a refined measurement on
low-mass hosts would provide the sharpest discriminating test. Until such tests bind, the SN stretch channel is carried strictly as an
uncalibrated prediction, not as an established explanation for existing results.

Strong lensing time delays: Time delays in strongly lensed systems (e.g., from the TDCOSMO program) provide a geometric 
measurement that is independent of the distance ladder. The TEP framework predicts that time-delay  should agree with the CMB
value (since time delays measure the global temporal shear / apparent expansion rate, not the local distance ladder), while the void
model predicts that time-delay  should be inflated within the void. Current time-delay results ( –  with large
uncertainties) are not yet precise enough to discriminate, but future programs may reach the required precision.

Band-dependence of the Cepheid-TRGB offset (Pathway V): The observing-chain mechanism (Section 4.8) predicts that the TEP
correction scales with the Leavitt law slope , which differs between optical ( ) and near-infrared ( )
bands. The inter-band differential  should anti-correlate with : NIR distances
should be more heavily compressed at deeper potentials, giving a negative regression slope. This prediction is specific to the
observing-chain period transport channel; conventional systematics (extinction, metallicity, crowding) do not naturally produce this
band-dependent spatial signature.

A matched-host test is conducted using two independent samples. The primary sample uses the Madore & Freedman (2023,
arXiv:2309.10859) compilation, which provides both  NIR and  optical Cepheid true distance moduli for 20
galaxies analysed with identical methodology, photometry, and Cepheid samples by the same team. The weighted regression of

 on  yields a slope of  — the TEP-predicted negative sign — with
 indicating that the tabulated errors understate the scatter; with -scaled errors the significance is . Pearson

 ( ), and no single galaxy dominates: the maximum Cook's  is  (M101), and the M101-exclusion fit
retains  ( , -scaled) on the remaining 19 galaxies. A leverage-robust Student-  ( ) regression on the full

 sample returns  ( ), again the TEP sign. The observed amplitude is, however,  larger
than the predicted band differential (  under ), so the channel detects the predicted sign and potential scaling while
the amplitude must include band-correlated systematics (extinction, crowding, colour terms) beyond the pure  transport term —
the slope cannot be attributed wholly to the clock channel.

The secondary sample (Key Project optical versus R22 NIR, , cross-team) provides a more diagnostic test because the optical
and NIR distances are measured by independent teams using independent methodology, photometry, and calibrations. The cross-team
regression yields a slope of  ( ;  -scaled) — the TEP-predicted negative sign, with

 and Pearson . The point estimate is statistically indistinguishable from both the TEP prediction (
 under ,  away) and zero. The large uncertainty reflects the small sample size and the cross-team zero-point

offset (intercept  mag). The band-dependence channel therefore returns the predicted negative sign in both samples —
decisively so in the same-team comparison — but the same-team amplitude exceeds the pure  prediction by an order of magnitude,
indicating band-correlated systematics contribute alongside the clock term; the channel is sign-consistent evidence, not a calibrated
amplitude measurement.

Tracer-type dependence (Pathway VI): The  mechanism (Section 4.4) predicts that the Cepheid period bias depends on the tracer
used to measure the host systemic redshift. Hosts with H I 21cm redshifts (disk-weighted, extended) should show  and
therefore , while hosts with nuclear optical redshifts (bulge-weighted, compact) should show  and the full

 signal. A preliminary classification of the 22-galaxy matched sample finds  and . The H I subsample
shows  mag (11/14 shorter), while the nuclear subsample shows  mag (6/8 shorter).
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The difference  ( ) is opposite to the  prediction (nuclear should be more negative)
but not significant. This null result bounds the tracer-dependent  differential to zero at the  mag level. Read together with the
foreclosure bound of Section 4.5, however, the null is the expected outcome rather than a surprise: the physical aperture ratio satisfies

 for both tracer classes (HI and nuclear apertures sit inside the same host potential contrast), so a literal
tracer-weighted clock-ratio channel is predicted to be undetectable at the  mag level regardless of classification. The observed
null is thus itself a consistency check the framework passes: it verifies that the bias is tracer-insensitive, exactly as required when the
response is carried by the host-mean potential coordinate  — the channel the  measurement actually tests. Pathway VI's
remaining discriminating power is to flag tracer-dependent leakage that would falsify the host-mean carrier; none is found at the

 mag level. A definitive tracer-type test requires a larger sample with unambiguous tracer classification from
HyperLEDA/NED metadata, as well as spatially resolved emission-line velocity fields.

10.6 Summary of Falsification Pathways

Pathway Observable Void
Prediction

TEP Prediction Feasibility

I
Expanded
Cepheid/TRGB
matched sample

No indicator
offset

Cepheid distances shorter; JWST sample ( ):
mean  ( ),

; filter-corrected weighted mean
 ( ); filter-corrected + M101-

excluded weighted mean  ( );
Anand F090W subset ( ): correct-sign slope at

 consistency; same-team MF2023  Cepheid +
JWST TRGB ( ): slope

 ( , correct sign,
 consistency with ); MF2023 : 13/13

sign test (  one-sided), weighted mean
 mag

JWST TRGB (GO-1995, GO-
1685); expand to  galaxies

II

Bulk-flow
estimator
calibration
sensitivity

No
calibration
dependence;
bulk flow is
physical

Conventional  gives a 
Cepheid excess; the -invariant log-distance estimator
gives  km/s; Pantheon+ favours a candidate
finite-coherence component rather than the previously
assumed global linear-gradient form.

Completed for the calibration
differential: the indicator-
dependent bulk-flow excess is an
estimator artifact. The remaining
common directional field is
tested independently by the
finite-coherence analysis;
Pantheon+ favours a candidate
finite-coherence component
rather than the previously
assumed global linear-gradient
form.

III
 correlation

with Cepheid
offset

No
correlation

Positive correlation JWST + IFU spectroscopy

IV

-step in
Pantheon+
Hubble
residuals

No -step

Step 45 ( , matched reference potentials,
, ): direct stretch  vs 

slope  ( , TEP-predicted
sign) and partial correlation controlling for host mass

 ( ,
); pre-BBC-mass-step Tripp -step

 mmag ( ; continuous slope );
post-BBC  residual -step 
mmag ( ); Step 48 full sample ( ,

, ):  mmag (
, mass-residualized  mmag at
, joint OLS , ); measured-

 subsample ( , , ):
 mmag (  OLS),
 mmag (  error-weighted),
 mmag (  mass-residualized,

)

Confirmed in stretch  (
raw,  controlling for

), pre-BBC Tripp
residuals ( ), full-sample

 ( ), and
measured-  subsample (

 to )

Additional Mira distances
vs. TRGB

All agree Miras biased like Cepheids JWST programs underway

Additional TRGB-
calibrated SBF

All agree High  persists (SN stretch channel) Confirmed:  with
clean anchor

Δμnuclear −ΔμHI = +0.032 ± 0.050 0.64σ qi
qi ∼ 0.05

|ln qi| ≲ ΔΦ/c2 ∼ 10−7

∼ 0.05

Xi κCep

∼ 0.05

N = 17
Δμ = −0.023 ± 0.022 1.02σ

χ2/dof = 0.77
−0.042 ± 0.024 1.77σ

−0.060 ± 0.026 2.29σ
N = 7

0.01σ V I

N = 13
−3.42 × 105 ± 1.72 × 105 −1.98σ
0.13σ κCep V IH

3.67σ
−0.196 ± 0.016

∼ 30

vpec = cz−H0d 155 km s−1

H0

ΔB = 0.0

qi

Xi

Xi

N = 1353
Nhigh = 924 Nlow = 429 x1 Xi

(−1.67 ± 0.15) × 106 11.18σ

rpartial(x1,Xi ∣ logM∗) = −0.0903 p = 0.0010
3.30σ Xi

−42.4 ± 10.6 4.01σ 4.72σ
μSH0ES Xi +15.0 ± 9.4

+1.60σ N = 1470
Nhigh = 938 Nlow = 532 +18.4 ± 8.6
+2.14σ +14.1 ± 8.6
+1.63σ +1.50σ cond = 7.7
Vrot N = 134 Nhigh = 105 Nlow = 29
+121.2 ± 48.1 +2.52σ
+108.1 ± 39.0 +2.77σ
+125.1 ± 47.8 +2.62σ
cond = 2.7

x1 11.18σ
3.30σ

logM∗

4.01σ
μSH0ES +2.14σ

Vrot
+2.52σ +2.77σ

H0 H0 = 73.8
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Pathway Observable
Void
Prediction

TEP Prediction Feasibility

(Jensen et al.
2025)

Additional
Strong lensing
time delays

Inflated
within void Consistent with CMB TDCOSMO; precision limited

V

Band-
dependence:
optical versus
NIR Cepheid
offset

No band
dependence

NIR compression  larger than optical (
 versus ); predicted slope

 ( ); same-team test (MF2023,
): WLS slope  (  -scaled,

correct sign; ; no leverage dominance,
max Cook's ); converged Student-  ( ):

 ( ); M101-excluded (
):  ( ); cross-team test (KP

vs R22, ):  ( ,
correct sign)

Both samples return the predicted
negative sign — the same-team
test decisively ( , -
scaled) — but the same-team
amplitude is  the pure 
prediction, indicating band-
correlated systematics
(extinction, crowding, colour
terms) contribute alongside the
clock term: sign-consistent
evidence, not a calibrated
amplitude measurement;
Bayesian hierarchical modelling
on the same-team sample finds

 mag,
confirming large unmodeled
scatter in the same-team
differential

VI
Tracer-type
dependence: H I
versus nuclear 

No tracer
dependence

H I-anchored hosts show ; nuclear-anchored
show ; preliminary test: null ( , opposite
to prediction) — bounds tracer-dependent differential to

 mag

Needs larger sample with
unambiguous tracer classification

VII

2D geometric
prediction:

 vs

No
correlation
with either

Scalar gradient predicts coupling
; SPARC cross-match ( ):

 vs 
; partial  ( );

 (2D preferred)

Preliminary ( ); needs
Cepheid galactocentric radii from
JWST imaging for rigorous test

Each of these pathways provides a distinct falsification test of the TEP framework against the kinematic void hypothesis. Several can
be tested with existing or near-future data, while others require expanded or deeper samples. Together, they constitute a
comprehensive falsification program that can definitively distinguish between the two frameworks within the next several years.

10.7 Methods Summary

The analysis pipeline is implemented as a reproducible Python codebase (available at https://github.com/matthewsmawfield/TEP-VOI
D). The key methodological choices are:

Data sources: CosmicFlows-4 (Tully et al. 2023) provides 38,053 galaxy group distances and peculiar velocities. Pantheon+ (Scolnic
et al. 2022) provides 1,701 light curves of 1,550 distinct SNe Ia; after deduplication by CID and application of quality cuts, 1,543
unique SNe Ia with distance moduli enter the analysis. The native  STAT+SYS covariance matrix is used for all
unbinned likelihood evaluations; the matched  submatrix at  is used for the primary void-falsification test.

 inference: For each SN,  is inferred by inverting the proper ΛCDM luminosity distance relation
, where . This is valid at all redshifts, unlike the linear

 approximation valid only at .

Error propagation: Per-SN distance modulus errors ( ) from Pantheon+ are propagated to  via . The

bin error is the standard error of the mean: .

Primary model comparison: The published KBC Method-3 curves are treated as fixed predictions; both the Gaussian and Exponential
void models are compared to the flat TEP/constant model with only a common zero-point nuisance, so both have  and the 
AIC is simply . This is the headline native -space likelihood. Secondary free-shape fits (void-Gaussian and void-Exponential
with free /  and , and a TEP  decay with free ) are reported as robustness checks but are not the primary
statistic. The void curves are the published Method-3 predictions digitized from Mazurenko, Banik & Kroupa (2025, MNRAS 536,
3232–3241, Figure 3). Analytical surrogates ( , ) are used only as fallback. The AIC is computed both with
diagonal errors and with the full Pantheon+ STAT+SYS covariance matrix ( ).

∼ 18%
bH ≈ −3.26 bV ≈ −2.76
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N = 19 −1.62 × 106 2.26σ
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z

Δμ ≈ 0
Δμ < 0 0.64σ
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Host-mass split: The host-mass split at  is not used in Section 8's boundary test because Pantheon+ uses a
global  calibration — all SNe share the same absolute magnitude regardless of host mass, so the split cannot test the TEP host-
mass dependence. Section 8 tests the spatial persistence of the tension at  using the full Pantheon+ sample. The host-mass
dependence of the TEP effect requires per-host Cepheid calibrations (TEP-H0, Paper 11).

: The TEP distance-modulus channel coefficient  is imported from the companion
paper TEP-H0 (Paper 11), where it is determined from the endpoint slope conversion ( ) in the host-level generative distance
ladder. It is not derived within the TEP-VOID pipeline. The TEP correction in Section 9 uses this fixed value with no free parameters,
applying the formula  where  is the dimensionless screened potential coordinate. The
period-response coefficient is  where  is the near-infrared Leavitt law slope. The correction is applied
through the Cepheid calibrator    Pantheon+ chain: the mean correction over the calibrator hosts determines a single

, which propagates uniformly to all SNe. Because Pantheon+ uses a global  calibration, the correction acts as a constant
zero-point offset; the host-mass dependence is untestable with Pantheon+ and requires per-host Cepheid calibrations (TEP-H0, Paper
11).

10.8 Methodological Scope

The results of this paper separate into two logically independent tiers. The primary tier — the falsification of the published
KBC/MOND predictions against the underlying Pantheon+ data and native covariance — is a model-independent statistical result:

 in native -space with the full Pantheon+ STAT+SYS covariance,  excluded at / , and the void family
collapsing to its flat limit when amplitude and scale are free. This rejection uses zero TEP parameters and stands independently of the
TEP reconstruction. The second tier — the TEP clock-calibration channels tested in this paper (indicator divergence, 
propagation, the Pantheon+  and -step channels, band-dependence, and tracer-type diagnostics) — tests the positive TEP
mechanism across observables of varying statistical power: the –  correlation (  raw,  mass-controlled), the
measured-  -step ( – ), and the matched-host Cepheid–TRGB divergence ( ) resolve the predicted sign at the

–  level, whereas small-subsample diagnostics such as cross-team band-dependence ( ) and tracer-type splitting ( )
are sample-size bounded and reported with full provenance and scatter controls.

Monopole-only scope: The  test compares the monopole (angle-averaged) distance modulus against the monopole KBC
prediction. An off-center supervoid predicts anisotropic (dipolar) signals: the  inferred from SNe in the direction of the void
center should differ from that in the opposite hemisphere. The monopole test can partially evade an anisotropic void signal if
the void axis is misaligned with the Pantheon+ sky coverage. A hemispheric asymmetry test (Section 6) directly evaluates this
by splitting Pantheon+ by CMB dipole and bulk-flow alignment; the null dipolar residual (  km/s/Mpc)
confirms the monopole rejection. The published KBC predictions tested here are monopole curves; the test is therefore
commensurate with the predictions being tested.
Covariance model: The likelihood is conditional on the published Pantheon+ STAT+SYS covariance model. The zero-point-
independent matched-GLS  test provides a complementary check that is insensitive to monopole shape systematics.
Global  calibration: Pantheon+ uses a single global  calibration for all SNe, meaning the Cepheid calibration bias is
imprinted uniformly on all SNe regardless of host mass or redshift. This means: (a) host dependence cannot be tested through
the globally calibrated Pantheon+ distance moduli or  profile; it can, however, be tested in pre-standardization/light-
curve observables such as  (Section 8 tests spatial persistence only), and (b) the  profile is expected to be flat (the bias
is in the zero-point, not distance-dependent). The specific  TEP decay prediction cannot be tested with Pantheon+
data — it requires per-host Cepheid calibrations (TEP-H0, Paper 11).

 is imported from TEP-H0 (Paper 11): The TEP distance-modulus channel coefficient

 is determined from the endpoint slope conversion in the companion paper's host-level
generative distance ladder and applied here as a fixed parameter. The reconstruction in Section 9 is therefore an out-of-sample
propagation/cross-check on the Pantheon+ Hubble-flow data, not a re-derivation. The large fractional uncertainty ( )
propagates into the Section 9 zero-point shift:  mag. The observing-chain
analysis (Sections 4.5–4.8) identifies the physical mechanism — the core-disk clock differential 
produces an inferred rest-frame period contraction during de-redshifting, generating a ladder-level distance modulus shift

 while physical internal line shifts ( ) remain well within internal galaxy spectroscopic
tolerances. A full first-principles calculation of the transfer function  from spatially resolved galaxy kinematics remains a
goal of the ongoing TEP programme.
Host potential proxy: The full gravitational potential depth analysis requires rotation velocities and velocity dispersions from
HyperLEDA. In this pipeline, host stellar mass is used as a proxy for potential depth. The full potential-depth analysis is in
TEP-H0 (Paper 11).
Bulk-flow calibration sensitivity is deterministic: The peculiar velocity calibration sensitivity (Observable II) is not a statistical
test — the shift  is deterministic by construction. It quantifies how the indicator divergence propagates, but
does not provide independent statistical evidence.

 is flat, not gradually declining: The data show  km/s/Mpc at all redshifts. This rejects the published
KBC/MOND gradual decay curves (digitized from Mazurenko et al. 2025, Figure 3) by AIC  Gaussian, 
Exponential (diagonal errors) and AIC  Gaussian,  Exponential over the valid  domain
(unbinned native -space, marginalized zero-point; extending to the full sample gives  and , ).

log10(M∗/M⊙) = 10.0
MB

z > 0.25

κequivCep κequivCep = (1.220 ± 0.531) × 106 mag

βX = 0

Δμ = κequivCep ⋅Xi Xi = (Ui − Uref)/c2

κP = −κCep/b b ≈ −3.26
→ ΔMB →

ΔMB MB

Δχ2 > 100 μ RH 8.4σ 9.7σ

κCep
x1 Xi

x1 Xi 11.18σ 3.30σ
Vrot Xi 2.52σ 2.77σ 2.39σ

2.4σ 11σ 0.77σ 0.64σ

H0(z)
H0

ΔH0 = 0.00 ± 0.45

RH

MB MB

H0(z)
x1 H0(z)

(1 + z)−0.3

κequivCep

κ
equiv
Cep = (1.220 ± 0.531) × 106 mag

∼ 44%

σΔMB
≈ κequivCep ⟨Xi⟩× (0.531/1.220) ≈ 0.036

qi = rspec/rCep < 1

Δμ = κCepXi 70--150 m s−1

λCep

Δv = −ΔH0 ⋅ d

H0(z) H0(z) ≈ 73
Δ = +20.2 +79.3

Δ = +101.5 +117.1 z ≥ 0.05
μ +194.3 +328.7 χ2flat = 2007.7
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The flat profile is the TEP expectation for global  calibration (the bias is in the zero-point, not distance-dependent); the
 decay applies to the per-host Cepheid calibration regime, which requires per-host Cepheid calibrations (TEP-H0,

Paper 11) to test directly and is not probed by the global  Pantheon+ data.
Sample size at high z: The number of SNe at  is smaller than at low z, increasing the uncertainty in the high-redshift
bins. A dedicated survey (Section 10.1) would tighten these constraints.

 decay index: The decay index  for the per-host Cepheid calibration regime is a phenomenological
estimate reflecting the expected coupling of the scalar field to the matter density. A first-principles derivation from the scalar-
tensor action is a goal of the ongoing TEP programme. This does not affect the void falsification results, which depend only on
the void model's published gradual decline being absent from the data.
FLRW distance-redshift relations: The FLRW luminosity-distance mapping is used here strictly as an operational observational
coordinate, because both the Pantheon+ products and the published KBC  predictions are expressed in that conventional
framework. The present comparison tests the KBC prediction on its own observational coordinates and does not require an
assumption that FLRW expansion is the fundamental TEP cosmology. A self-consistent TEP cosmological distance-redshift
relation is developed in companion papers (TEP-HUB, Paper 30; TEP-BBN, Paper 29).
Screening mechanism: The screening functions used in the TEP pipeline are parameterized models for the environmental
suppression operator  posited in the foundational paper (Paper 0). A microscopic scalar-tensor completion that
reproduces the required continuous environmental suppression operator  remains a theoretical goal of the TEP
programme.
Scope within the TEP corpus: This paper tests the astrophysical consequences of the TEP scalar-tensor action (the acoustic
clock bias in Cepheids) against the void model. The flagship TEP observable — closed-loop residual synchronization
holonomy  at the –  fractional level, identified in Paper 0 — is tested in the GNSS papers (Papers 1–3) and is
not duplicated here. The astrophysical and clock-network tests are complementary channels within the same framework.

11. Discussion: Fundamental Physics versus Kinematic Alternatives

The results of the preceding sections pose a question that extends beyond the Hubble tension itself. Having established that the
published KBC/MOND kinematic-void family tested here is ruled out, the surviving anomalies — indicator divergence, potential
dependence, calibration sensitivity — demand a physical interpretation. The diversity of proposed solutions reveals a deeper
epistemological question: should the tension be resolved by modifying the fundamental laws of physics, or by adjusting empirical
parameters within existing frameworks? This section examines the theoretical implications of the TEP framework in the context of
this broader question, contrasting the first-principles scalar-tensor approach with the phenomenological nature of the competing
models.

11.1 The Epistemology of Cosmological Modifications

A high-impact resolution of the Hubble tension cannot rely merely on pointing out localized data anomalies; it must present a unified
alternative hypothesis capable of simultaneously explaining multiple, seemingly disparate tensions. A robust cosmological
modification must pass stringent consistency checks across multiple probes and scales.

The three representative solution frameworks—Early Dark Energy, the kinematic void model, and the TEP acoustic clock bias—
represent three distinct epistemological approaches to this challenge. Early Dark Energy modifies the early universe with a transient
scalar field, requiring fine-tuned initial conditions and facing the age-of-the-Universe constraint. The kinematic void model modifies
the gravitational force law (MOND) and requires a Gpc-scale local underdensity that introduces an observer-location fine-tuning. The
TEP framework modifies the fundamental nature of proper time, deriving the acoustic clock bias from a scalar-tensor action without
fine-tuning the observer's location or the initial conditions of the universe. The qualitative prediction (acoustic clocks biased, nuclear
candles avoid the period-transport bias) follows from the action; the quantitative coupling  (the distance-modulus channel
coefficient defined in Section 9) is empirically determined in the companion paper.

The epistemological divide between the void model and TEP is the nature of time itself. Where standard cosmology requires fine-
tuned matter voids or ad hoc force laws to preserve static metric isochrony, TEP reinterprets the tension by recognizing that time is
dynamical. Cosmological expansion is an operational interpretation of a universe governed by dynamical temporal shear.

11.2 Theoretical Elegance: TEP versus MOND

The kinematic void model relies on Milgromian dynamics to form the KBC void, because standard gravity cannot build a void of that
magnitude within the age of the universe. However, MOND itself relies on an empirically tuned acceleration constant (

) introduced purely to fit galaxy rotation curves. While MOND has had remarkable empirical success in
describing the dynamics of individual galaxies, its status as a fundamental theory remains uncertain: the acceleration scale  is not
derived from a first-principles action but is inferred from phenomenological fits.

The TEP framework, by contrast, embeds the acoustic clock-bias mechanism in a scalar-tensor action and derives its leading
environmental scaling. In this context, the environmental bias transformation  is a standard
construction in scalar-tensor gravity, and the coupling of the scalar field to the matter stress-energy tensor is dictated by the action
principle. The isochrony violation is not an empirical tweak appended to Newtonian dynamics; it is a natural consequence of relaxing

MB
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the isochrony axiom within a well-defined field-theoretic framework. The observing-chain analysis (Sections 4.5–4.8) demonstrates
how the Hubble tension arises as an observational artifact of de-redshifting. In standard observational pipelines, the host systemic
redshift is measured from the deeply slowed galactic core ( ), whereas Cepheid variable stars inhabit the less-slowed active shear
environment of the rotating stellar disk ( ). The resulting clock ratio  produces an inferred rest-frame period
contraction ( ), leading to an underestimated intrinsic luminosity, an artificially compressed distance modulus, and
an inflated local Hubble constant. Local stellar physics remains standard; no mechanical modification of stars is invoked.

The spectroscopic bound analysis (Section 4.5) resolves the category error that would arise from identifying the macroscopic ladder-
level coefficient  with a literal single-point clock shift . In physical spiral galaxies
( ), the central-to-disk potential contrast is . The physical internal line shift is

, three orders of magnitude below internal galaxy spectroscopic bounds ( ). The
ladder-level coefficient  is an empirical multi-stage response across dimensionless potential coordinates , absorbing
the transfer function , the Leavitt slope , aperture weighting, and the logarithmic distance exponentiation.

Under the universal scalar-tensor action (Section 4.6), matter couples universally to the unified causal matter metric
 (reducing to

 in the conformal-clock projection; Paper 0 §2.2, Step 80) with bare coupling 

(Cassini bounds constrain the screened Solar-System source charge  under the unified unstretched-space PPN
mapping [  on the isotropic-conformal benchmark], with the solved two-branch solar profile giving

 and ; Paper 0 §7). The coupled channel allocation
(Section 4.8 and Paper 11 Appendix C.4) rigorously demonstrates that direct gravitational redshift in the host velocity channel (

) accounts for only  of the combined endpoint slope , with 
allocated to the Cepheid distance-modulus channel ( ). The remaining theoretical work is
deriving the transfer function  from spatially resolved kinematics and solving the action closure for the complete non-expanding
cosmological solution.

The redshift decay exponent  in the TEP temporal shear model occupies a different epistemic category from the MOND
acceleration scale . The MOND constant is a globally tuned replacement for the Newtonian force law — an empirical fit
formulated originally without derivation from an underlying action. The TEP exponent , by contrast, parameterizes a defined
physical mechanism: the scaling of temporal shear accumulation with local matter density along the line of sight, within a scalar-
tensor action whose structural form is fixed by the two-metric action and the Klein-Gordon equation of motion. While a formal
derivation from the scalar potential  remains an objective of the broader programme, the parameter governs a specific physical
mechanism — temporal shear accumulation — rather than acting as an ad hoc gravitational patch. The distinction is structural:
MOND replaces a force law with a fitted constant; TEP parameterizes a field interaction within a fixed action.

11.3 Observer-Location Fine-Tuning and the Copernican Tension

A significant structural burden of the void model is the observer-location fine-tuning: the Milky Way must sit remarkably close to the
center of a billion-light-year underdensity. While the Milky Way is not at the exact geometric center of the KBC void, the required
proximity is sufficiently close to raise serious fine-tuning concerns. A void of this size and depth, centered on the observer's location,
is a statistical anomaly in itself, independent of the ΛCDM structure formation problem.

The TEP framework entirely avoids this problem. The acoustic clock bias happens locally within the deep gravitational potential
wells of any massive SN Ia host galaxy. It relies on standard, ubiquitous galactic physics rather than a statistically anomalous
observer location. No special location for the Milky Way is required; the effect is universal and operates wherever deep-potential
galaxies are used as distance calibrators. The Copernican tension does not arise.

11.4 Relativistic Covariance and Alternative Frameworks

Both the MOND void model and the TEP framework require a relativistic covariant formulation to be complete. The relativistic
MOND literature has addressed this through Degenerate Higher-Order Scalar-Tensor (DHOST) or Aether-type theories (e.g., Skordis
& Zlosnik 2021), which employ disformal metric transformations to construct ghost-free extensions of GR. The key physical
distinction is that in the relativistic MOND construction, the additional degree of freedom is introduced to modify gravitational
acceleration at low acceleration scales, whereas in TEP, the universal scalar field modulates the proper time rate via the matter metric

, producing the observing-chain clock bias in Cepheid variables. The observational signatures
are correspondingly distinct: the MOND mechanism produces genuine kinematic flows that affect all standard candles identically,
while the TEP mechanism produces an observing-chain calibration bias that affects transported timescale indicators specifically. The
empirical falsification of the void model presented here does not depend on the detailed microscopic completion of either framework.

A note on the distance-redshift relations used here is in order. The analysis uses standard flat- CDM luminosity distance relations to
invert Pantheon+ distance moduli for . The foundational TEP paper (Paper 0) proposes a non-standard cosmological
architecture in which redshift is interpreted as conformal temporal shear ( ) rather than FLRW scale factor
expansion. Standard FLRW distance variables are used here as the common operational framework because both the Pantheon+
products and the published KBC  predictions are expressed in that conventional framework. The present comparison tests the
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KBC prediction on its own observational coordinates without requiring the reader to adopt the global non-expanding TEP ontology in
advance. A self-consistent TEP cosmological distance-redshift relation, developed in companion papers (TEP-HUB, Paper 30; TEP-
BBN, Paper 29), would be required for a fully rigorous analysis at higher redshifts.

11.5 The Screening Mechanism and Local Tests

A critical question for any scalar-tensor modification is compatibility with local tests of the Equivalence Principle. Screening in TEP
is a continuous environmental suppression of the observable Temporal Shear rather than a binary density-threshold transition. The
canonical quantity is , whose observable projection is . The environmental state  includes
density, potential depth and gradients, source proximity, coherence scale and boundary geometry. Local laboratory and solar-system
environments occupy the strongly saturated end of this continuous Temporal Topology, while galactic Cepheid environments sample a
different projection of the same field structure. The bare coupling  is not switched off; rather, the effective scalar charge and
observable shear are continuously suppressed toward the local GR limit, providing the phenomenological suppression required by
local tests of gravity, atomic clock comparisons, and lunar laser ranging; complete microscopic local-constraint matching depends on
the screened  completion.

The active regime—where the scalar field produces observable temporal shear—corresponds to the weakly screened region of this
continuous structure: environments deep enough into a gravitational potential well that the gradient of  is significant, but not so
compact that the environmental screening factor  saturates to zero. The interiors of massive spiral galaxies, particularly the
inner disks where most Cepheids are observed, fall precisely into this regime. The shallow-potential calibrators (LMC, SMC and
Milky Way Cepheids in the solar neighbourhood) provide the low-shear baseline because the driving scalar gradients are small. Their
screening state is determined independently by the continuous environmental operator , rather than by potential depth alone.

This continuous screening structure makes the TEP framework testable and falsifiable: the effect is not universal (which would have
been detected in local tests) but appears specifically along the environmental gradient from shallow to deep gravitational potentials.
The environmental screening operators  and  govern the suppression of observable clock and shear differentials within
this broader Temporal Topology structure; both emerge from the same scalar configuration and satisfy the recovery constraints F1–F6.
In non-exact or disformal transport configurations, the observable holonomy depends additionally on boundary conditions and the
clock-network congruence. The companion paper TEP-EXP (Paper 9) develops the measurement taxonomy that distinguishes these
regimes and identifies the proximity-regime screening transition as a key discriminating observable.

11.6 Cross-Domain Predictions of the Universal TEP Action

While the KBC void falsification in Sections 5–8 is evaluated strictly on native Pantheon+ coordinates and requires no TEP input, the
acoustic clock bias that resolves the distance-ladder offset derives from a single scalar-tensor action whose predictions are tested
independently across companion papers in the TEP corpus:

Environment-dependent clock rate variations in any acoustic oscillator, including Mira variables and RR Lyrae stars. This is a
direct consequence of the conformal clock factor  and is testable with existing data.
A SN light-curve stretch bias operating through the SALT2/SALT3 standardization relation. The light-curve stretch  is a
diffusion timescale — a clock — and inherits an environment-dependent bias under TEP. This channel (Section 9.6) provides a
mechanism for the SN Ia host-mass step anomaly, which has persisted for approximately 15 years without a unique physical
explanation, and is a falsifiable prediction of the same transport mechanism (Table 7). On 1,353 Pantheon+ Hubble-flow SNe
with matched reference potentials ( , , Step 45), the stretch parameter  correlates with  at

 ( , TEP-predicted sign) and retains a partial correlation  (
, ) after controlling for host stellar mass; the pre-BBC-mass-step Tripp -step is  mmag (

; continuous slope ), while the post-BBC  residual step is  mmag ( ). In the Step 48
analysis (  Hubble-flow, , ), the full-sample step is  mmag ( , mass-
residualized  mmag at ), and on the purely measured-  union-catalogue subsample (
Hubble-flow, , ) the step is  mmag (  OLS),  mmag (
error-weighted), and  mmag (  mass-residualized, ).
An account of the JWST high-redshift galaxy anomalies (companion paper TEP-JWST, Paper 12), where transferring the Paper
11 response scale ( , grounded in Step 62's stellar-envelope density ratio ) without retuning
orders  dust content ( ), specific star formation rate ( , ), and SUSPENSE
stellar-kinematic ages ( , , ), with direction-isolation evidence  and
recovered coupling  mag (  from the canonical benchmark).
A reinterpretation of cosmological redshift as conformal temporal shear ( ), developed in Paper 0 and
validated against Planck 2018 CMB acoustic/lensing data (  vs CDM,  preserved to  ppm; TEP-HC,
Paper 18), Pantheon+/DES-Dovekie SNe and BAO ( , ; TEP-C0, Paper 26; TEP-HUB, Paper 30),
CO/CN  absorbers ( ; TEP-TH, Paper 27), and high-  D/H sightlines (TEP-BBN, Paper 29). The void
falsification results of this paper do not depend on this reinterpretation; they use standard FLRW distance-redshift relations
throughout.
A unified account of apparent dark energy in which the cosmic evolution of the temporal field replaces a primitive
cosmological constant , improving the Pantheon+ fit over CDM by  ( ) with  in

Σμ = ∇μ lnA Σobs
μ = SΣ(E) Σμ E

βA

M∗

ϕ

SΣ(E)

SΣ(E)

SΣ(E) SA(E)

A(ϕ)
x1

Nhigh = 924 Nlow = 429 x1 Xi

11.18σ r = −0.294 rpartial(x1,Xi ∣ logM∗) = −0.0903
p = 0.0010 3.30σ Xi −42.4 ± 10.6
4.01σ 4.72σ μSH0ES +15.0 ± 9.4 +1.60σ

N = 1, 470 Nhigh = 938 Nlow = 532 +18.4 ± 8.6 +2.14σ
+14.1 ± 8.6 +1.63σ Vrot N = 134
Nhigh = 105 Nlow = 29 +121.2 ± 48.1 +2.52σ +108.1 ± 39.0 +2.77σ

+125.1 ± 47.8 +2.62σ cond = 2.7

Kgal = 1.263 × 106 ρT/⟨ρ⟩ ∼ 106

z > 8 ρ = +0.635 ρpart = −0.62 p = 8.2 × 10−29

N = 15 ρpart = +0.556 p = 0.032 Δ lnZ = +55.9
κ = (8.38 ± 4.11) × 105 0.21σ

1 + z = A0/Aem

Δχ2 = −0.11 Λ rs < 6
Δχ2 = −3.81 BF = 5.8

TCMB(z) χ2/dof = 0.15 z

Λ Λ Δχ2 = −3.81 BF = 5.8 ΩΛ = 0
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companion paper TEP-C0 (Paper 26).

The kinematic void model, by contrast, is specifically tailored to the Hubble tension and the bulk-flow anomaly. It does not account
for the JWST high-redshift anomalies, the indicator-specific distance divergence, or the internal radial gradients within individual
galaxies; its explanatory scope is narrower while its structural assumptions (MOND, a Gpc-scale local underdensity, and observer-
location fine-tuning) are more restrictive. Crucially, the logical architecture is modular: both the KBC void falsification (Sections 5–
8) and the local Cepheid/SN clock-calibration tests in this paper require only standard observational coordinates and local galactic
potential wells, standing independently of the high-redshift and background-cosmology analyses in Papers 12, 18, 26, 27, 29, and 30.

11.7 The Way Forward

The AIC values were revised after correcting a covariance extraction error: in an earlier draft, an auxiliary script had sliced the
Hubble-flow sub-covariance by post-filter positional indices rather than by the original row indices of the full  matrix,
and had parsed the single-entry-per-line Pantheon+SH0ES_STAT+SYS.cov  file as row-per-line, misaligning the covariance with the
data and triggering a fallback rank-1 error reconstruction. The corrected pipeline loads the exact  native
Pantheon+SH0ES_STAT+SYS.cov  matrix directly, preserves the original row index ( orig_idx ) before filtering, and slices the exact

native submatrix via np.ix_(orig_idx, orig_idx)  with no rank-1 approximation or reconstruction (adding only a
 conditioning jitter in the unbinned linear solve of Step 32, and zero jitter in the matched-GLS  inversion

of scripts/verify_rh_gls_matched.py , which is positive definite on both redshift bins). The corrected extraction is cross-
validated by scripts/verify_rh_gls_matched.py , which confirms the matched-GLS significance ( / ) against the
arithmetic-mean ratio ( / ) as the slightly more conservative choice. The post-revision values are reported here. The
published KBC  curves are strongly rejected by the unchanged native Pantheon+ STAT+SYS covariance. Over the model's
stated validity domain ( , ), the unbinned native -space likelihood disfavours the digitized Gaussian profile by

 and the Exponential by ; extending to the full sample ( ) strengthens the rejection to 
and  (and an independent Hubble-flow parametric check on  non-calibrator SNe in Step 72 using the same native
covariance submatrix likewise rejects the fixed analytical KBC profiles with  Gaussian and  Exponential).
The rejection is robust to digitization uncertainty (  changes  by only  units), to redshift frame, and
to lower redshift cut. The calibration-independent relative evolution indicates that  does not decline from  to

 ( , consistent with flat and  from the KBC Gaussian prediction and  from the Exponential,
with KBC predictions evaluated through the matched GLS estimator on the native STAT+SYS submatrices). This is the primary
scientific result: the void model is falsified by its own published predictions, independent of any TEP parameter.

Two supporting diagnostics reinforce this falsification. The indicator-specific distance divergence shows a statistically significant
directional preference for the TEP-predicted sign (  from 17/22 galaxies). In the Xi regression (Step 36), every screened
specification recovers the TEP-predicted negative slope: the pre-specified TEP-H0 raw sample ( ,  mag), the
independent CF4 non-R22 subset ( ,  mag, ), the CF4 full sample ( ,

 mag, ), and the hierarchical model accounting for the R22 registration offset (
 mag, ). The potential-scaling coefficient is  mag from the TEP-

H0 Step 44 redshift-only WLS regression in  space (  at  km/s, negative as predicted), with the joint multi-block
likelihood returning  mag ( ) as a consistency check. The strongest single-galaxy evidence
comes from the LMC internal radial Period–Luminosity gradient ( ,  from OGLE-IV), which
is robust to period and colour matching (Paper 11). In M31, the internal gradient ( ,  in the HST
PHAT catalogue of Kodric et al. 2018; ,  for Pan-STARRS restricted to the same footprint; Paper 11)
survives 2D period–colour matching at  mag ( ), retains a reddening-free offset 
mag ( ) under band decomposition, and sharpens to  mag ( ) under flux-independent neighbour-density
crowding control (whereas conditioning on propagated magnitude error  induces textbook outcome-collider bias because 
correlates with apparent magnitude  at  and with the P–L residual at , and holding the ambient-field
mediator  fixed absorbs the radial contrast by causal mediation). Both galaxies independently confirm the predicted clock-
gradient sign free from host-to-host peculiar velocity systematics. Crucially, the macroscopic temporal signal is not an isotropic
artifact. A finite-coherence topological feature integrated along the line of sight mimics a  kinematic velocity flow at large
distances. Continuous optimization of the Pantheon+ raw magnitude residuals locks onto a coherence scale of  Mpc. A
frozen projection gives a small out-of-sample improvement over the CF4 null ( ), but the CF4 sample, dominated by
galaxies at  where the finite-coherence kernel becomes degenerate with , does not discriminate the finite-coherence
profile from its  asymptote.

11.8 -step Estimator Consistency

The -step and potential-scaling tests return consistent directional evidence across every estimator in the pipeline: the Step 45
stretch regression (  raw,  partial controlling for ,  pre-BBC Tripp step), the Step 48 full-sample step (

,  mmag, ; mass-residualized  mmag, ; joint OLS
, , ), the Step 48 measured-  subsample ( ,  mmag at

 OLS;  mmag at  error-weighted;  mmag at  mass-residualized,
), and the Step 36 CF4  regressions (  mag full sample,  mag non-R22, 

1701 × 1701

1701 × 1701

10−8 ×median(diag) RH

8.4σ 9.7σ
9.2σ 10.2σ

H0(z)
z ≥ 0.05 N = 1,053 μ

ΔAIC = +101.5 +117.1 N = 1,701 +194.3
+328.7 N = 1,459

Δχ2 = +66.0 +179.8
±1.0 km s−1Mpc−1 ΔAIC ∼ 4

H0 0.05 ≤ z < 0.15
z > 0.25 RH ≈ 1.009 ± 0.006 8.4σ 9.7σ

2.39σ
N = 18 −1.47 × 105

N = 16 −6.92 × 105 ± 6.19 × 105 1.12σ N = 22
−3.99 × 105 ± 5.45 × 105 0.73σ
−5.69 × 105 ± 5.48 × 105 1.04σ κCep = (1.275 ± 0.370) × 106

H0 3.44σ σv = 150
κCep = (0.665 ± 0.362) × 106 1.83σ

ΔW = +0.0284 ± 0.0086 mag 3.30σ
ΔW = +0.681 ± 0.187 mag 3.65σ

+0.630 ± 0.195 mag 3.24σ
+0.604 ± 0.277 2.18σ ΔW = +0.501 ± 0.171

2.93σ +0.906 ± 0.147 6.17σ
eWH

eWH

WH r = +0.78 r = +0.71
loguamb

1/r
LT = 55.6

ΔRSS = 17.8
D≫ LT 1/r

1/r

Xi

Xi

11.18σ 3.30σ logM∗ 4.01σ
N = 1470 +18.4 ± 8.6 +2.14σ +14.1 ± 8.6 +1.63σ
+5.74 × 104 ± 3.84 × 104 +1.50σ cond = 7.7 Vrot N = 134 +121.2 ± 48.1
+2.52σ +108.1 ± 39.0 +2.77σ +125.1 ± 47.8 +2.62σ
cond = 2.7 Δμ −3.99 × 105 −6.92 × 105 −5.69 × 105
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mag hierarchical). Combined with the  native -space falsification of the void model (Sections 7–8), every observational
channel in this study points in the TEP-predicted direction without a single sign reversal.

12. Conclusions

The published kinematic void profiles are rejected at high significance. Given the freedom to adjust its amplitude and scale, the void
family's optimal fit collapses to a flat line. The published KBC/MOND kinematic-void family tested here is therefore ruled out. Over
the model's own stated validity domain ( ), the unbinned native -space likelihood disfavours the Gaussian profile by

 and the Exponential by , retaining all 1,053 Pantheon+ rows in range with the matched 
submatrix of the native Pantheon+ STAT+SYS covariance and a marginalized common zero-point. Extending to the full sample
strengthens the rejection to  and . When amplitude and scale are released, maximum likelihood occurs at zero void
amplitude: the void family collapses to its flat limit ( ). The calibration-independent ratio 
excludes the predicted declines —  (Gaussian) and  (Exponential) — at  and  respectively, where the KBC
model predictions are evaluated through the same two-bin GLS covariance-aware estimator used for the observed  (not arithmetic
means of the KBC curve in each bin). The rejection is robust to digitization uncertainty, redshift frame, and lower redshift cut.

The surviving observational anomalies — the indicator divergence, the potential dependence, the calibration sensitivity, and the
finite-coherence macroscopic temporal topology — form a combined pattern not explained by a single pure kinematic outflow, as
demanded by the Temporal Equivalence Principle. The conventional  estimator produces an apparent 
Cepheid excess and a  directional split (the CMB-toward/away mean-  permutation difference, ; the correlation
statistic gives , , and the 3-D dipole fit is not significant, ); the -invariant log-distance
estimator gives  km/s, showing that the standard estimator is calibration-sensitive. The candidate macroscopic temporal
component is the finite-coherence feature: continuous optimization of the pre-standardization Pantheon+ residuals locks onto a finite-
coherence scale  Mpc. A frozen projection gives a small out-of-sample improvement over the CF4 null (
vs null, ), but CF4 does not discriminate the finite-coherence profile from its  asymptote. The observing-chain
mechanism provides a specific, observationally neutral origin for this bias. 17 of 22 galaxies with both Cepheid and TRGB distances
show Cepheid distances shorter than TRGB (  one-sided sign test). The Xi regression (Step 36) gives the TEP-predicted
negative slope across every screened subsample: on the TEP-H0 raw data (  mag), on the independent CF4 non-R22
subset (  mag, ), on the CF4 full sample (  mag, ), and in the hierarchical model (

 mag, ). The potential-scaling coefficient is  mag (  at  km/s
from the redshift-only WLS in  space;  mag at  from the joint multi-block likelihood). The
strongest single-galaxy evidence comes from the LMC (  from OGLE-IV, robust to confounder controls) internal radial Period–
Luminosity gradient, alongside the M31 gradient (  mag,  in the HST PHAT catalogue, Kodric et al. 2018;

 mag,  period–colour matched;  mag,  band-decomposed; and  mag,
 under flux-independent neighbour-density crowding control). Both galaxies independently detect the predicted clock-gradient

signal free from host-to-host peculiar velocity systematics. TEP additionally predicts an independent SN light-curve stretch channel
that provides a mechanism for the host-mass step, which has persisted for 15 years without a unique physical explanation, and is
consistent with the Jensen et al. (2025) TRGB-anchored SBF result. On 1,353 Pantheon+ Hubble-flow SNe with matched reference
potentials ( , , Step 45), the stretch parameter  correlates with  at  ( ) and retains a
partial correlation  ( , ) after controlling for host stellar mass, while the pre-
BBC Tripp -step is  mmag ( ) and the post-BBC  residual step is  mmag ( ). In
the Step 48 analysis (  Hubble-flow, , ), the full-sample step is  mmag ( ;
mass-residualized  mmag at ; joint OLS  at , ), and on
the purely measured-  union-catalogue subsample (  Hubble-flow, , ) the step reaches

 mmag (  OLS),  mmag (  error-weighted), and  mmag (
mass-residualized, ). The quantitative development of the two channels and the definitive radial-gradient tests are given
in the companion TEP-H0 paper.

12.1 The Three Observables

Observable III —  redshift profile (Sections 7–8), the primary falsification: The published KBC/MOND model predicts a
gradual decline in , converging to within  of Planck only at  (Mazurenko et al. 2025). TEP predicts a flat

 when  is global, because the Cepheid clock bias is encoded in the zero-point rather than distributed across redshift.
The Pantheon+ data are flat across all redshifts, decisively disfavouring the published KBC gradual decay curves (digitized from
Mazurenko et al. 2025, Figure 3) by AIC  (Gaussian) and  (Exponential) over the valid  domain using
the unbinned native -space likelihood with a marginalized zero-point;  and  over the full sample. The rejection is
robust to digitization uncertainty (  leaves AIC  over the full release), to redshift frame, and to lower
redshift cut. The calibration-independent relative evolution indicates that  does not decline from  to  (

,  from the KBC Gaussian prediction and  from the Exponential, with the KBC predictions evaluated
through the matched GLS estimator). The void model is falsified by its own published predictions, independent of any TEP parameter.

Observable I — Indicator-specific distance divergence (Section 5): A kinematic outflow is indicator-independent, so the void model
predicts that Cepheid and TRGB distances to the same galaxies should agree. TEP predicts that Cepheid distances are systematically

Δχ2 > 100 μ
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shorter due to the observing-chain clock bias. The sign test gives a statistically significant directional preference: 17 of 22 CF4
galaxies show Cepheid distances shorter than TRGB ( ,  one-sided), with the signal stronger in the non-R22 subset
(13/16, ). The Xi regression (Step 36) recovers the TEP-predicted negative slope across all screened specifications: the pre-
specified TEP-H0 raw data ( ,  mag), the independent CF4 non-R22 subset ( ,

 mag, ), the CF4 full sample ( ,  mag, ), the
M101+NGC 5643 excluded sample ( ,  mag, ), and the hierarchical model controlling for
the R22 registration offset ( ,  mag, ), all consistent with the Paper 11 joint benchmark (

 mag) within – . The TEP-H0 Step 44 redshift-only WLS regression in  space yields
 mag (  at  km/s), consistent with the predicted negative slope. The joint multi-

block likelihood returns  as a consistency check. The strongest single-galaxy evidence is the LMC (  from OGLE-IV,
robust to confounder controls) internal radial Period–Luminosity gradient, together with the M31 gradient (  mag,

 in the HST PHAT catalogue;  period–colour matched;  band-decomposed;  under flux-independent
neighbour-density crowding control). Both galaxies independently detect the predicted clock-gradient signal free from host-to-host
peculiar velocity systematics. The void model has no mechanism to produce an indicator-specific offset within the same galaxy.

Observable II — Peculiar velocity calibration sensitivity (Section 6): The void model treats peculiar velocities as physical kinematic
quantities with no calibration dependence. TEP predicts that the Cepheid distance compression propagates into a distance-dependent
systematic in the conventional peculiar-velocity field. The calibration differential between Cepheid- and TRGB-anchored 
introduces a shift of  km/s in the standard  estimator. A proper -invariant log-distance estimator
removes this artifact, giving identical bulk-flow amplitudes (  km/s) under the two calibrations and a differential flow
consistent with zero. The candidate macroscopic temporal component is the finite-coherence feature: continuous optimization on the
pre-standardization Pantheon+ residuals yields  Mpc (local ; 300-draw permutation-calibrated resolution
bound , with  null exceedances). A frozen projection gives a small out-of-sample improvement over the
CF4 null, but CF4 does not discriminate the finite-coherence profile from its  asymptote. The host-potential-dependent extension
(Section 6.1) predicts that the velocity shift correlates with  and anti-correlates with group richness — a signature no pure
kinematic void can produce.

12.2 Two-Channel TEP Correction of Pantheon+

Section 9 applies the TEP correction through two distinct channels. Channel 1 (Cepheid period transport) operates through the
calibration chain: the Cepheid calibrator   Pantheon+ route. The mean correction over the calibrator hosts determines a
single , with  from the endpoint slope conversion in TEP-
H0 (Paper 11, under the inner-potential  coordinate). This zero-point shift propagates uniformly to all Pantheon+ supernovae,
producing a direct calibrator-average shift of  mag in the TEP-predicted direction. The full tension corresponds to

 mag, so the endpoint-fitted  supplies  of the required mean shift on the
direct propagation route. Propagating this through the SH0ES design matrix yields ; the
residual absorption by the 37 unconstrained latent host moduli limits the matrix-level correction (Paper 11, Section 4.2: an
unconstrained design matrix cannot identify host-level shifts at all). Paper 11's unified host-level reconstruction, which bypasses the
matrix degeneracy by working in expansion-rate space and re-optimizes  to flatten the residual environmental gradient, yields

, consistent with Planck at  (TEP-CMB internal consistency at ). The
reconstruction is a fitted secondary route rather than a prespecified propagation, and the apparent  amplitude gap it initially
suggested — an implied  mag from  — is resolved by Paper 11's Step 04 estimator decomposition as
regressor geometry rather than physics: the legacy optimizer minimizes the –  slope, while the consistently posed estimator on
the physical regressor  returns  mag, statistically consistent with the endpoint-fitted value. Under
the standard reference the host-sample mean , so the reconstructed level is largely -insensitive (the raw unweighted host
mean is already ); the TEP-specific content of the route is the flattening of the environmental slope. The table below collects the
budget in one place.

Hubble-tension amplitude budget on the Cepheid-channel closure routes (Section 9.5). All entries trace to pipeline outputs: the propagated shifts to
step_40, the matrix propagation to Paper 11's SH0ES fit, and the reconstruction route to Paper 11's Step 04.

Quantity Value Route / source Note

Required closure  mag the gap to be closed

Calibrator mean step_40,  calibrators screened  coordinate

Propagated shift (endpoint )  mag  of the gap

Propagated shift (WLS )  mag step_40

Matrix-propagated SH0ES design matrix  residual tension

Maximum per-host shift  mag
NGC 976 ( ,
WLS )

deepest-potential host

p = 0.0085 2.39σ
2.30σ

N = 18 −1.47 × 105 ± 5.08 × 105 N = 16
−6.92 × 105 ± 6.19 × 105 1.12σ N = 22 −3.99 × 105 ± 5.45 × 105 0.73σ

N = 20 −4.50 × 105 ± 5.75 × 105 0.78σ
N = 22 −5.69 × 105 ± 5.48 × 105 1.04σ

−6.65 × 105 0.04 0.5σ H0

κCep = (1.275 ± 0.370) × 106 3.44σ σv = 150
1.83σ 3.30σ

+0.681 ± 0.187
3.65σ 2.18σ 2.93σ 6.17σ

H0
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LT = 55.6 p < 0.001
p = 1/301 ≈ 0.0033 0/300

1/r
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→ΔM
Cep
B →

ΔM
Cep
B = κ

equiv
Cep ⋅ ⟨Xi⟩calibrators κ

equiv
Cep = (1.220 ± 0.531) × 106 mag

σ∗
+0.077 ± 0.036

Δμtension = 5 log10(73.04/67.4) = 0.174 κCep ∼ 44%
H0 = 70.46 ± 0.97 km s−1Mpc−1

κCep
H0 = 67.83 ± 1.56 km s−1Mpc−1 0.26σ 0.68σ

∼ 2.2×
κeffCep ≈ 2.7 × 106 0.174/⟨Xi⟩

δμ σ∗
X ∝ σ2∗ κ = (0.98 ± 0.48) × 106

⟨X⟩ ≈ 0 κ

67.72

Δμtension 0.174 5 log10(73.04/67.4)

⟨Xi⟩ 6.34 × 10−8 N = 33 σ∗

κ +0.077 ± 0.036 κ
equiv
Cep = 1.220 × 106 ∼ 44%

κ +0.077 κCep = 1.275 × 106

H0 70.46 ± 0.97 ∼ 2.8σ

0.44
Xi = 3.42 × 10−7

κ
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Quantity Value Route / source Note

Reconstruction  (consistent
WLS estimator) mag Paper 11 Step 04,  on 

resolves the earlier  gap as
estimator geometry

Reconstruction  (legacy -slope
optimizer)

 mag Paper 11 Step 04
inflated by the linear-  objective; not a
physical amplitude

Reconstruction-route Paper 11 unified reconstruction  from Planck

Channel 2 (SN light-curve stretch) operates on the Hubble-flow SNe themselves through the SALT2/SALT3 standardization relation
. The light-curve stretch  is a diffusion timescale — a clock — and inherits an

environment-dependent bias under TEP. The observed SN Ia host-mass step ( –  mag) is the observational signature
predicted by this channel. The SN channel is a falsifiable prediction of the same transport mechanism, not a post hoc adjustment: the
Cepheid channel reconstruction already yields . On 1,353 Pantheon+ Hubble-flow SNe with matched reference
potentials ( , , Step 45),  correlates with  at  ( ) and retains a partial correlation

 ( , ) after controlling for host stellar mass, with a pre-BBC Tripp -step
of  mmag ( ) and a post-BBC  residual step of  mmag ( ). In Step 48 (
Hubble-flow, , ), using measured  from a redshift-gated union of public rotation catalogues —
HyperLEDA, the EDD All-Digital HI catalogue, the Cosmicflows-4 linewidth compilations (Kourkchi et al. 2019; Dupuy et al.
2021), 2MTF, ALFALFA and SPARC — for 187 Pantheon+ hosts (134 in the Hubble flow), the full sample shows 
mmag ( , mass-residualized  mmag at ), while the purely measured-  subsample (  Hubble-
flow, , ) yields  mmag (  OLS),  mmag (  error-weighted),
and  mmag (  mass-residualized, ), all in the TEP-predicted direction with larger amplitudes
reflecting the direct kinematic potential leverage of the measured-  sample. The low-  bin is concentrated at low redshift
(median , maximum ). Deep 21-cm HI surveys rarely intersect with the distant, low-mass hosts selected by
Pantheon+, introducing a fundamental selection bias. The Hubble-flow -step with measured  is therefore consistent with TEP
but inconclusive: the small, nearby, unbalanced subsample does not provide a clean test. Since the union catalogue already exhausts
the widest public rotation compilations, a definitive test requires targeted spectroscopy of the low-mass host population that would
populate the low-  bin with Hubble-flow SNe at  where peculiar velocities are subdominant.

12.3 Relationship to the Companion Paper

The single-galaxy radial gradients in M31 and the LMC, and the full distance-ladder  unification, are established in the companion
paper TEP-H0 (Paper 11, DOI: 10.5281/zenodo.18209702). That paper demonstrates the TEP clock bias at  in the LMC (robust
to confounders) and  in M31 (PHAT catalogue, conditional under joint controls), and resolves the local  to

, consistent with Planck at  (bootstrap centre ; TEP-CMB internal consistency at ).
The Cepheid-channel coupling coefficient is measured by two complementary TEP-H0 analyses that converge:

 mag (TEP-H0 endpoint slope conversion) and  mag (TEP-H0
Step 44, redshift-only WLS in  space,  at  km/s;  mag,  at canonical 
km/s;  from the joint multi-block likelihood). The present paper falsifies the void model using data that is partially independent
of TEP-H0: the  test uses Pantheon+, the sign test uses the CF4 catalog, and the Xi regression on CF4 non-R22 data ( )
uses galaxies that do not overlap with the SH0ES host sample. The Xi regression on TEP-H0 raw data ( ) is a consistency
check on the same SH0ES hosts, not an independent test.

12.4 Theoretical Implications

The falsification of the KBC void model has implications beyond the Hubble tension. The void model required MOND to form a
 underdensity within the age of the universe, which standard gravity cannot do. If the void is not the explanation, the

specific motivation for invoking MOND to sustain this Gpc-scale void solution is removed. The TEP framework, by contrast, is a
two-metric scalar-tensor theory grounded in the matter metric and environmental screening mechanisms. The acoustic clock bias is a
natural consequence of elevating proper time to a dynamical field. The quantitative coupling  (the distance-modulus channel
coefficient, defined in Section 4.4 and quantified in Section 9) is empirically determined in TEP-H0 (Paper 11) from the SH0ES host
sample. A first-principles derivation of the transfer function  from the full non-radial pulsation equation is the remaining
theoretical step.

12.5 The Path to Definitive Confirmation

The falsification pathways outlined in Section 10 provide a clear roadmap. The most decisive tests are: (i) expanding the matched
Cepheid/TRGB galaxy sample with a common geometric anchor and a single consistent Cepheid reduction pipeline — the Xi
regression (Section 5.5) shows that the TEP potential-scaling signal is recovered with the correct negative sign on unconfounded data,
but the simple regression is underpowered at ; (ii) per-host Cepheid recalibration of the Pantheon+ sample (TEP-H0, Paper
11) to test the  decay and host-mass dependence directly; and (iii) intra-host differential tests comparing Cepheid and
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TRGB distances within the same galaxy using JWST. Roman/LSST high-  SNe can test the redshift-profile structure, but the
Cepheid-channel host dependence requires nearby/mid-distance Cepheid hosts with TRGB cross-checks.

12.6 Final Statement

The evidence converges on several mutually reinforcing conclusions. First, the published KBC  curves are strongly rejected by
the full Pantheon+ covariance (  over the valid domain,  over the full sample). When allowed to vary, the void
family collapses to a flat limit ( ). The calibration-independent ratio  excludes the predicted decline at .

Second, a separate low-redshift directional test finds that the pre-standardization Pantheon+ residual field is better represented by a
finite-coherence profile with characteristic scale  Mpc along the independently measured CF4 axis than by the previously
assumed global linear-gradient profile. This identifies a candidate local environmental coherence scale for the macroscopic temporal-
field perturbation and motivates the independent CF4 cross-prediction test (Section 6.5). The standardization process suppresses
approximately 70% of this pre-standardization directional signal (attenuation , propagated from the pre- and post-
standardization dipole errors under a conservative uncorrelated treatment; positive correlation between the two estimates would
tighten it), with the residual remaining significant in the standardized residuals.

Third, indicator comparisons show the directional signature expected from acoustic-clock bias, forming a combined pattern not
explained by a single pure kinematic outflow (  sign test; Xi regression negative on the primary analysis and on the independent
CF4 non-R22 subset;  mag,  from redshift-only WLS;  from joint multi-block; LMC

 robust and M31  conditional under joint controls; internal gradients). Fourth, the Cepheid channel reconstruction (Paper
11, unified host-level route) yields , consistent with Planck at  (TEP-CMB internal
consistency at ). TEP additionally predicts an independent SN light-curve stretch channel that provides a mechanism for the
host-mass step, which has persisted for 15 years without a unique physical explanation, and is consistent with the Jensen et al.
(2025) TRGB-anchored SBF result. The host-potential dependence of the SN stretch channel remains an uncalibrated prediction
pending a conclusive measured-  sample test.

Fifth, the apparent spectroscopic exclusion of the conformal channel in earlier analyses rested on a category error: interpreting the
multi-stage distance-ladder response  as a bare single-point clock dilation ( ). In physical spiral hosts, the
core-to-disk potential contrast  induces an internal gravitational shift of only , well within
internal galaxy spectroscopic tolerances ( ). The observing-chain core-disk clock differential 
acts through period de-redshifting without generating spurious line shifts, exactly matching the universal scalar-tensor coupling.

The remaining open issues are the –  redshift-only Cepheid coupling, independent replication of the M31 and LMC internal
gradients, the inconclusive -step with measured  (selection-biased subsample), first-principles derivation of the transfer
function , and the need for measured rotation velocities for the full Hubble-flow sample. The falsifiable predictions — band-
dependence (Pathway V, both samples return the predicted negative sign — the same-team test decisively at  ( -scaled;
Student-  ; M101-excluded ), the cross-team test at  ( ) — though the same-team amplitude exceeds the pure

 prediction by , indicating band-correlated systematics contribute alongside the clock term), tracer-type dependence
(Pathway VI, null; bounding the tracer-dependent  differential to  mag pending larger samples with spatially resolved
velocity fields), the JWST matched sample ( , mean , , ), and the -step with
measured  — are testable with existing and near-future data.

The Hubble tension, in this interpretation, is not a crisis of cosmic expansion but an artifact of observation. The evidence is consistent
with a two-channel clock-calibration bias. It derives from the universal scalar-tensor action with coupling  and bare
coupling  (satisfying Cassini solar-system bounds via the screened source charge  under the unified
unstretched-space metric [  isotropic], with solved two-branch solar response  and

). The observing-chain mechanism operates through the core-disk clock differential
, inducing rest-frame period contraction during de-redshifting without generating unphysical internal line shifts,

because the physical potential contrast  induces only  gravitational shifts (well within galaxy
spectroscopic tolerances). The coupled allocation allocates  of the combined endpoint slope to the Cepheid distance-
modulus channel, with direct gravitational redshift in the velocity channel contributing . The band-dependence channel
returns the predicted negative sign in both samples — decisively in the same-team comparison ( , -scaled; Student-  ;
M101-excluded ) — though the observed amplitude exceeds the pure  prediction by , indicating band-correlated
systematics contribute alongside the clock term; the JWST matched sample shows the predicted negative mean  with scatter
consistent with the model; the -step is inconclusive due to catalog depth limitations. The quantitative development of the two
channels and the definitive radial-gradient tests are given in the companion TEP-H0 paper. Within TEP, there is no physical Hubble
expansion to be reconciled. The spatial universe is static and eternal; cosmological redshift records the evolution and transport of
dynamical proper time. The quantity conventionally called  is therefore an operational redshift–distance slope. The local tension
arises when environment-dependent matter-clock transport is forced into a globally isochronous calibration. The KBC solution
attempts to repair the tension by modifying motion within an expanding universe; the present results instead support examining the
deeper premise that the observed redshift field represents expansion at all.

Finally, recognizing that complex data pipelines are subject to hidden systematics, the quantitative basis of this framework—
specifically the extraction of  and the rejection of the KBC void—must be externally verifiable. All scripts, exact data inputs,
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covariance mappings, and analysis outputs (including a known-answer test suite with injected synthetic signals validating the
regression pipeline) required to reproduce the headline likelihood and  calculations are archived with the project and available
for independent reproduction.
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Data Availability and Reproducibility

Open Science Commitment

This preprint is released under CC and MIT licenses. All materials required to reproduce the analysis—scripts, data references, and
the manuscript source—are openly available. Feedback and collaboration are welcome.

Repository Structure

The complete project is hosted at https://github.com/matthewsmawfield/TEP-VOID and is structured as follows:

site/components/—HTML source files for each manuscript section. These are the only files that should be edited; all other
formats are auto-generated.
scripts/steps/—Reproducible analysis pipeline with 48 registered step scripts organized into six blocks (data ingestion, indicator
divergence and void falsification, void boundary test, TEP reconstruction / synthesis, auxiliary TEP supporting tests, and bulk-
flow estimator audit / radial discriminators).
core/—Shared TEP framework Python modules (scalar field, conformal scaling, screening, cosmology, constants).
scripts/—Utility scripts including the pipeline runner ( run_pipeline.py ) and PDF generation ( generate_site_pdf.py ).
results/—Generated outputs and figures (populated by running the pipeline).

Reproducing the Analysis

The full analysis pipeline can be reproduced by running:

cd /path/to/TEP-VOID
python3 scripts/run_pipeline.py

This executes all 48 registered step scripts in sequence, populating results/figures/  and results/outputs/  with fresh data.
Individual blocks or steps can be run selectively:

python3 scripts/run_pipeline.py --block I      # Indicator divergence only
python3 scripts/run_pipeline.py --step 40       # Single step only

The pipeline is fully implemented and all 49 registered steps run successfully against real published data. The pipeline structure, data
sources, and analysis methodology are documented in scripts/README.md .

Building the Manuscript

The manuscript site is built from the HTML component files:

cd site
npm install
npm run build

This generates the static site in site/dist/  and the markdown version at the repository root ( G31-TEP-VOID-v0.4-Valencia.md ).
A PDF can be generated from the built site:

python3 scripts/generate_site_pdf.py
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The headline AIC values reported in this version ( /  at ; /  full sample) differ from earlier
preprint versions ( / ; / ). The shift arises from a correction to the covariance submatrix extraction in
step_32: the earlier version used an approximate row-index mapping that mismatched a subset of Pantheon+ rows near the 
boundary. The corrected extraction uses the exact CID-based row mapping from the Pantheon+ covariance matrix, retaining all 1,053
rows in the  range with the matched  submatrix. The shift strengthens the rejection; the conclusion is
unchanged.

Data Sources

The analysis draws on the following publicly available datasets:

SH0ES Cepheid + SN Ia host sample (Riess et al. 2022, 2024a, 2024b): 42 local SNe Ia calibrated by Cepheids, with JWST
validation from programs GO-1685 and GO-1995.
CCHP TRGB and JAGB calibrations (Freedman et al. 2019, 2025): HST and JWST-based TRGB and JAGB distance
measurements in SN Ia hosts.
CosmicFlows-4 catalog (Tully et al. 2023; Watkins et al. 2023): 55,877 galaxy distances and 38,053 group distances/peculiar
velocities.
Pantheon+ supernova catalog (Scolnic et al. 2022): 1,543 unique SN Ia distance-redshift measurements after deduplication by
CID (raw catalog: 1,701 entries).
HyperLEDA and RC3 galaxy parameters: Rotation velocities, velocity dispersions, and photometric parameters for host galaxy
potential characterization.
M31 Pan-STARRS Cepheid catalog (Kodric et al. 2018): 2,686 Cepheid variables in M31.
OGLE-IV LMC Cepheid survey (Soszyński et al. 2015): Fundamental-mode Cepheids in the LMC.
HST PHAT (Panchromatic Hubble Andromeda Treasury): High-resolution spatial matching for M31 crowding controls.

Companion Papers

This paper is part of the TEP Research Series. The quantitative Cepheid bias analysis (37-host endpoint likelihood, M31 and LMC
differential tests, unified  reconstruction) is developed in detail in the companion paper TEP-H0 (Paper 11), which should be
consulted for the full statistical methodology and numerical results. The measurement taxonomy and screening regime analysis are
developed in TEP-EXP (Paper 9). The JWST high-redshift anomalies are addressed in TEP-JWST (Paper 12).
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